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1942 

VOLUME 5 


Those easy-to-use, inexpensive manuals will give you 4 out of 5 radio circuits you 
will ever need in service work. This newest volume covers 1942 models, with align- 
ment data, service hints, I. F. peaks, and replacement parts lists. Compiled by 
M. N. Beitman, radio serviceman for many years, author, and teacher. 

208 pages, 8*/ 2 x II inches. Well printed. Price, only 
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1941 

VOLUME 4 


You need this popular Supreme diagram manual to service thousands 
popular 1941 radio sets. Repair radios quickly and properly — follow 
factory instructions given in these manuals. 192 fact-packed pages. 
Large size, 8^/2 x * * inches. The best printed manuals at the $4%0() 
lowest prices. Price, postpaid “ 





1940 

VOLUME 3 


Another helpful manual of most- 
popular diagrams you need. Cir- 
cuit data, hints, and information 
are time-savers and money-mak- 
ers for you. Let these diagram 
manuals guide you to easier serv- 
ice work. 417 models of 43 manu- 
facturers. 208 pages, 

8 l / 2 x II inches 


RADIO REPAIRING 
With Substitute Parts 


Repair any radio tiling available parti. Laarn what 
substitutions may ba made, what componantf may 
be omitted entirely, how to alter circuit! to fit 
parts still available. Hundreds of helpful sugges- 
tions, practical illustrations and examples included. 
Speed up War-time servicing. 

Keep all radios working. C%C 

Complete manual, only 


1939 

VOLUME 2 


Let this importent manual give you over 80% of 1939 circuits you will ever need; 
train you to service quickly and efficiently millions of sets of this period. These 
manuals will pay for themselves with the time saved on a few jobs. £ 4 

Diagrams of 39 manufacturers. 192 pages. Net price 
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1926-1938 

VOLUME I, OF THE SERIES 


The most popular manual of the series. Includes 427 diagrams 
of the most-often serviced radios, with parts lists and alignment 
information. Greatest bargain in diagram manuals. j 4 
244 large pages, 8 t/ 2 x!l inches. Only 
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LESSON 23 


The Field of 


Electronics 


Economics of the Industry. It is hard to realize that Elec- 
tronics in 1943, was a four billion dollar industry — more than the 
whole pre-war U. S. automobile industry. Even more striking is 
the comparison of the last year activity in the Electronic field with 
this industry in 1942, when it was only a one billion dollar a year 
business. What constitutes the field of Electronics and where does 
its future lie? 



Courtesy U. S. Signal Corps and Institute of Radio Engineers 


Figure 302. Radio communications is an important 
branch of Electronics. This illustration shows the use of 
mobile radio in warfare. 

The Fields Open to Electronics. Radio, television, facsimile 
are the usual fields associated with electronic vacuum tube cir- 
cuits. But electron tubes with their moving and easily controlled 
electron streams arc being used in conversion of power, in industry 
for testing, measuring, timing, and production, in medicine for 
diagnosis and treatment, in scientific research, and in long range 
detecting. New developments in electronic circuits will bring im- 
provements in these applications and will suggest thousands of new 
and unforseen uses. Electronics will bring a change and unexpected 
improvement in communication and transportation. 

The Electron, Vacuum Tube, and Electronics. An elec- 
tron in keeping its orbit and place within an atom proves of little 
interest to the practical man. Electrons become more interesting 
when they assume the freedom to move along a conductor, form- 
ing electric current. It is in a vacuum tube, however, where elec- 
trons move as free bodies, directed and attracted by the geometrical 
shape of the elements and the potentials placed upon these tube 
elements, that they become the back-bone of Electronics. The diode 


The opportunities in the fields of Elec- 
tronics and Radio are increasing. Be- 
cause basic knowledge and training are 
required for all types of work in these 
fields, the jobs are interesting and the 
salaries are higher than in other me- 
chanical occupations. 



Supersonic vibrations, or audio fre- 
quencies above the hearing range, are 
used to detect defects in used auto- 
mobile tires with the aid of a new elec- 
tronic device perfected by scientists of 
the Goodyear Tire & Rubber Co. Many 
new industrial applications are found 
for electronic devices every day. 
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TYPES OF ELECTRON TUBES 


You should begin to think of electron 
tubes as devices which can be used to 
rectify, amplify, generate, permit light 
to control electric current, and produce 
light under the influence of electricity 
as in cathode ray tubes. 


and triode tubes were designed for and first used in radio. But these 
simple vacuum tubes and others developed later for certain specific 
purposes are used today in thousands of diversified applications, 
many very far removed from radio and communications. 

Electronic tubes may be divided into the vacuum types and the 
gas-filled types. We have already studied about radio receiving type 
tubes and their associated radio circuits. We have learned that 
transmitting type tubes are similar but larger and sometimes water 
cooled. We also had an introductory explanation of photo-electric 
cells and cathode ray tubes. Later lessons in this Volume 3 of the 
course will introduce us to other tubes such as the thyratron and 
klystron. 

The possibilities of future electronics lie in changing electric cur- 
rent, transmission of power without wires, more exacting control 
and measurements, weather forecasting, medical research, automatic 
analysis of complex gases, flight control, and great improvement in 
communications. 



Courtesy Consolidated Vultee Aircraft Corp. 

Figure 303. In realizing that the airplane has made the world more 
closely coordinated, you must remember that long distance flights are pos- 
sible only with the aid of radio and electronic equipment. 
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LESSON 24 


PhotO'Cell Equipment 


Application of Photo-Cell Equipment. The photo-electric 
cell and the associated equipment can be employed to see more 
accurately than the human eye and respond more quickly than the 
human hand, and to do so continuously, unfalteringly, at all times. 
With unerring precision, photo-cell equipment can be made to sig- 
nal, grade, match, compare, start, stop, count, control, and time. 
The mysteriously swinging doors, automatic sorting devices, safety 
controls on punch presses, burglar alarms, blackout light controls, 
combustion controls are just a few modern applications of electronic 
photo-cell devices. Photo-cell equipment is also used for color 
matching, comparing opacity of materials, window light control, 
and highway speed timing. 


Many devices using photo-electric cells 
and performing various industrial serv- 
ices could not be replaced with any 
other equipment or merely by an op- 
erator. While in many applications, 
photo-cell equipment replaces other 
means of doing the same job and offers 
some advantage of accuracy, speed, or 
reduction of cost; in many instances, 
photo-cell equipment is unique in its 
ability to perform the task required. 



Courtesy " Radio News” Magazine 

Figure 304. Photo-cell equipment is used for proper adjustment of lights 
and camera setting for best photographic results. 


Additional Information About Photo-Cells. We have 
already learned in Lesson 9, that a photo-electric cell is a light sen- 
sitive tube in which the sensitive surface emits electrons under the 
influence of light. In the usual cell, the cathode surface which emits 
the electrons and the anode which is connected to a source of posi- 
tive potential are enclosed in a glass envelope from which air is 
removed. Sometimes, to increase the sensitivity of the cell, inert 
gas at low pressure is pumped into the bulb. 

The cathode is usually a concave (rounded) surface on which 
the light sensitive material has been deposited. The anode takes 
the form of a centrally located wire which attracts and collects the 
electrons emitted from the cathode. The number of electrons emit- 


Extensive information on the photo- 
cells used in commercial units is pur- 
posely omitted. Detailed information 
on commercial photo-cell tubes is avail- 
able from the manufacturers of the 
units. 
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RESISTANCE OF A PHOTO-CELL 


To think of the photo-cell as a variable 
resistor is especially advantageous in 
analyzing the action of circuits. 


The subject of illumination may be 
looked up in a text-book on Physics or 
in an Encyclopedia. 


ted and forming the photo-electric current to the anode is a func- 
tion of the light falling on the cathode surface. The student may 
also consider the photo-cell as being a variable resistor with a value 
of resistance dependent on the light falling on the cathode surface. 
In the dark, the equivalent resistance is very high, while with strong 
light the resistance is greatly reduced. A typical cell with light 
of 5 foot-candles*, under normal operating conditions, has the 
equivalent resistance of almost 100 megohms. With 70 foot-candles 
of illumination, the resistance corresponds to 10 megohms. 



Courtesy “ Radio Netcs" Magazine 

Figure 305. Cellophane wrapping machine using a 
photo-electric relay to synchronize the cutting and print- 
ing. 


A Simple Photo-Cell Unit. In order to introduce you to a 
complete photo-cell unit, we will describe a simple practical circuit 
which can be operated from 110 volts A.C. or D.C. and employs a 
type 25A6 pentode as the amplifier and rectifier. 


There are many other practical circuits 
which employ a photo-cell and a single 
amplifier tube. Two or more stages of 
amplification could also be employed. 
The photo-cell shown in this circuit re- 
quires a polarizing voltage of 90 volts. 


PHOTO TUBE Z 5A<S 



//0 V. AX. OR D.C. 


Courtesy Allied Radio Corp. 

Figure 306. A circuit of a simple photo-electric relay 
using a single tube for an amplifier. This unit may be op- 
erated from a 110 volts A.C. or D.C. 
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*A foot-candle is the amount of light received from a standard candle at 
a distance of one foot. 
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CIRCUIT EXPLANATION 


Consider the circuit at the point where a positive potential* 
exists on the side of the line connected to the relay and screen grid 
of the 25 A6 tube. If the control grid of this tube is not biased to a 
cut-off point, a certain amount of current will pass through the 
plate circuit and activate the relay. The actual bias of the grid 
will depend on the internal resistance of the photo-tube and also 
on the setting of the potentiometer. 

With the photo-cell receiving a definite amount of light, the 
potentiometer may be adjusted so that the plate current is just 
below the point where the relay will have sufficient energy to pull 
down the armature. 

Now, if the source of light is reduced, the internal resistance of 
the photo-tube will rise and cause a higher positive potential to be 
applied to the grid and counteract the negative potential obtained 
through the drop in the potentiometer circuit. The net rise of the 
control grid voltage will cause the additional plate current to pass 
and the armature to move down to the magnet pole. Since the 
armature has a contact on each side, it will make another circuit 
and break the one previously made. In this manner, equipment 
associated with the photo-cell unit may be started or stopped with 
the increase or decrease of light. 



Courtesy IVornet Prodiuts Corp. 

Figure 307. The control of conveyors can be easily accomplished with 
photo-cell equipment. Illustration A. Boxes of all sizes may be sorted. In 
B, you have a view of an installation controlling a furnace to give proper 
combustion. Packages on a conveyor belt may be easily counted w'ith photo- 
cell equipment, as illustrated in C. 

Practical Installations. Let us consider a few exact uses for 
photo-cell equipment. A simple photo-cell unit may be used to 
turn on lights at dusk and possibly turn these lights off after day- 
break. Since sundown-time changes each day, this type of installa- 
tion will insure correct time for switching on the lights and will 
prevent waste of electric power. 

When improper combustion occurs, excessive smoke is present. 
By placing a photo-cell relay unit and a light source facing each 
other inside the chimney, excessive smoke will be instantly detected, 

*When the negative potential exists at this point (during each half cycle 
in A.C. operation), the unit is not operating and the condenser across the 
relay acts as the time delay. 


Observe that the 1,500 ohm potenti- 
ometer and the 500 ohm resistor are con- 
nected in series across the 110 volt line. 
The photo-cell and 20 megohm resistor 
are also connected across the line. For 
any one light condition, the photo-cell 
will have a definite resistance and the 
line voltage will furnish some value of 
potential at the junction connected to 
the control grid of the 25A6. The set- 
ting of the 1,500 ohm potentiometer 
permits t lie adjustment of the potential 
on the cathode to be higher or lower 
than this grid voltage. In this manner, 
a condition (grid voltage) for proper 
operation can be selected to meet the 
requirements imposed hv the light fall- 
ing on the photo tube. 


Two or more photo-cell units may he 
so connected that certain operation oc- 
curs only if both are energized in a 
certain order. 


It is important for you to understand 
that a photo-cell unit may be used to 
sound an alarm, count, permit or pre- 
vent an operation, start or stop an action, 
measure light intensity, indicate color, 
and that all of these operations really 
are nothing more than the control of 
electrical circuits which may perform 
these operations. 
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PHOTO-CELL APPLICATIONS 


Color or shape of boxes may also be 
used as the factor for operating the sort- 
ing equipment. 


and associated electrically operated equipment can carry out the 
adjustment of the furnace controls. 

Sorting of various size boxes can be easily accomplished. The 
smaller boxes may not interrupt the light beam, while the larger 
boxes will. Counting of items which pass in front of the equipment 
is carried out in the manner illustrated. The relay operates an 
electric counter in such applications. 



Courtesy Worner Products Corp. 

Figure 308. These three units make up the equipment 
needed to supervise and control combustion. The light 
source, shown at the left, and the photo-cell at the right, 
may be mounted in the chimney, while the control cabinet 
is placed near the furnace to be controlled. 


Another application exists in a restaurant which has several 
tables placed near the wall. A narrow beam of light is projected 
parallel with the wall about 30 inches above the table tops. At 
the opposite end, the beam strikes the lens of a photo-cell unit. Any 
person sitting at one of these tables can interrupt the beam of light 
by merely raising his hand. This can cause an alarm bulb to flash 
and inform the waiter that he is wanted at one of the tables. 


In connection with printing presses, 
photo-electric equipment is used to as- 
sure proper register; i.e., proper posi- 
tion of the different colors on the 
printed page. The machinery will be 
stopped automatically and an alarm will 
sound if the register is not correct. 



Courtesy " Radio News " Magazine 
Figure 309. Photo-electric color register control for multi- 
color gravure press. View of drive side, showing complete 
color-unit equipment. 


When infra-red light source is used, a 
photo-cell is selected which has high 
sensitivity to the wavelength of this 
light. 
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During the War period, photo-cell equipment can be used for 
anti-sabotage purposes. The system can be made to fit any require- 
ment and provides fullproof protection which cannot be bribed. 
Usually the light source provides a beam of invisible infra-red light, 
projected towards the photo-cell unit. When this light beam is 
interrupted, the relay of the photo-cell unit is actuated and, in turn, 
operates an alarm. The alarm may consist of bells, lights, or sirens, 
and may be local or may be connected directly to the police head- 
quarters. 
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INSTALLATION SUGGESTIONS 


Technical Considerations. You must bear in mind that the 
distance covered by any photo-cell installation depends upon the 
power of the light source, the sensitivity of the relay, and the light 
conditions present. At all times, in a darker place, a given amount 
of light and a definite type of photo-cell unit will operate over a 
much longer distance. The presence of stray light or a strong nearby 
illumination will considerably decrease the sensitivity of the equip- 
ment. 



Courtesy Worncr Products Corp. 

Figure 310. The light source and photo-cell amplifier are 
shown outside of the weatherproof case. This system is de- 
signed especially to serve as a guard and protect life and 
property against sabotage. 

Several interesting photo-cell installation lay-outs are illustrated 
in this lesson. These examples will help you understand the appli- 
cation of photo-cell equipment and design other installations for 
some special requirements. Notice that the light can be directed 
at the photo-cell unit, or it can be reflected at several angles with 
the aid of mirrors. The angle formed by the beam of light striking 
the mirror and by the beam being reflected, should never be greater 
than 90 degrees for good results. 

A lens is employed at the light source to concentrate the light 
from the bulb into a straight beam. The bulb may be an automo- 
bile headlight type since it has a suitable small filament. Another 
lens may be used with the photo-cell to collect the incoming light 
and focus it on the cathode surface of the cell. 



Figure 311. Suggestive installations using a single light source and photo- 
cell unit. With the aid of mirrors the path of the light can be controlled. 


Hints for Servicing Units. As a simple test, place any suitable 
light source near the photo-cell relay unit, and turn the sensitivity 
adjustment until the relay just clicks. Now back-up with the con- 
trol until the relay is returned to its natural position. The removal 
of light, or even a decrease of the light intensity, should immedi- 
ately cause the relay to click again. This test, of course, is per- 
formed on the type of unit which has its circuit designed to close 
the relay with a decrease of light. For photo-cell units which close 
the circuit with an increase of light, the same test should be per- 
formed in darkness, whereupon flashing a light on the photo-cell 
will cause operation. 


Stray light may be eliminated or re- 
duced with a suitable visor or shield. 


The reflecting mirror should be placed 
in a position where stray light will not 
be reflected. 


The usual photo-cell unit uses such a 
simple circuit that you will be able to 
trace it out in a matter of minutes. By 
following the service suggestions given, 
we are confident you will be able to 
repair successfully any faulty photo-cell 
device. 
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UNUSUAL APPLICATIONS 



Courtesy Central Scientific Company 

Interior view of the Photelometer show- 
ing the sensitive microainmeter with 
lamp for illuminating its scale. The ad- 
justment for precise setting of the meter 
pointer is on the right-hand panel of the 
housing. The photo-cell is located with- 
in the holder which is held in place 
under pressure of the springs on its 
support rods. 


If too much light change is needed to cause the operation to 
take place, probably the difficulty lies in the photo-cell or the 
amplifying tube employed, and these should be replaced as the 
first test. If no operation at all is obtained, the power is not 
coming from the line; or some resistor or other associated part of 
the circuit is at fault. Since only one or two resistors and one or 
two condensers are employed in the usual circuit, these can be 
easily checked or replaced for testing purposes. 

Photo-Electric Pyrometer. The photo-electric pyrometer is 
employed for indicating, recording, and controlling associated ap- 
paratus, in the process of working on hot incandescent bodies. The 
radiant energy from a hot body (molted metal, hot steel bars, etc.) 
is directed to the photo-cell of the device and causes it to pass cur- 
rent which bears a definite relationship to the temperature of the 
hot body. This current is amplified by a stable vacuum tube ampli- 
fier and the amplified current, in turn, is passed through the indi- 
cating or recording instrument, or is used to control and adjust 
associated equipment. 

Photelometry Applications. A photelometer evaluates the 
concentration of a solution by the deflection of the pointer of a sensi- 
tive meter; the amount of deflection depends upon the light trans- 
mittancy of the solution under test. By a comparison to standard 
records valuable chemical tests can be quickly made. A suitable 
photo-cell, of course, is used in this practical scientific tool. 



Courtesy Central Scientific Company 
Figure 312. Photo-cells find many unusual applica- 
tions. The photograph shows a chemist preparing a 
Photelometer for chemical solution analysis. 
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Review Questions and Problems. 1. Can you name several 
additional applications of photo-cell equipment not mentioned in 
the text of the lesson? 

2. Can a photo-cell, sensitive relay, and a suitable battery be 
connected in series to serve as a photo-cell unit? Would this circuit 
have serious limitations? How about advantages? 

3. How can stray light be kept away from the photo-cell? 

4. Name a few possible faults which could develop in a photo- 
cell unit. 
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LESSON 25 


Communications Equipment 


Purpose of Communication Receivers. The usual home radio 
receiver is employed for the purpose of receiving entertainment, 
news, and educational programs. From the explanation given in 
Lesson 14, you know that a good communication receiver may- 
be used for this purpose also. But a communication receiver is 
intended to do more than this. There is greater interference on 
the bands used for commercial and amateur radio communica- 
tions, the transmitters are located at considerable distances apart 
in many cases, and the message must be received under every 
atmospheric condition. Further, communication receivers are usu- 
ally employed on locations where two way communication is 
carried on. 


This lesson was prepared with the aid 
of The Hallicrafters , Inc., whose various 
communication receivers and transmit- 
ters are used to illustrate this type of 
equipment. 



Courtesy The Hallicrafters, Inc. 
Figure 313. A medium size communication receiver which provides four 
band reception. 
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BASIC FEATURES OF THE S-20R. 


Many broadcast receivers permit recep- 
tion on several bands, but do not give 
complete coverage furnished by the bet- 
ter communication receivers. 

A pitch of a certain frequency may be 
most pleasing and easily audible for the 
operator. 


The receiver is made inoperative while 
a separate transmitter is used to send 
out messages. 


The Halligrafters S-20R Receiver. The communication re- 
ceiver illustrated is a medium-size unit. We will briefly describe 
this receiver and point out certain features not found on home- 
type radio sets. 

Nine tubes are employed in this four band receiver which 
covers 545 KC. to 44 MC. completely. By referring to the front 
view, you will notice that an R.F. GAIN control is incorporated 
besides the AUDIO GAIN control which corresponds to the 
volume control of a regular radio. A beat frequency oscillator, 
BFO, is included and is essential for receiving telegraph (C.W.) 
signals. The pitch of the resulting beat may be varied with a 
control placed under the loudspeaker. 

The automatic volume control circuit may be eliminated from 
operation by placing the AVG switch in the OFF position. AVC 
is not used when receiving code. At the right hand end of the 
panel there is a SEND-REC switch which breaks the plate volt- 
age circuit during the transmit periods. The knob which controls 
the A.C. line switch also serves as a three position tone control. 
Locate these controls as you read about them. 



Figure 314. A top view of the chassis of the Hallicrafters model 
S-20R receiver. Notice the single plates in each gang of the tuning 
condenser which are employed for bandspread tuning. 


This method of obtaining bandspread is 
different than the method we studied in 
Lesson 14. 
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Bandspread Tuning. Since many of the stations on the short- 
wave bands use frequencies adjacent to those of other stations, 
extra selectivity is obtained with an R.F. stage and the tuning 
process is simplified with bandspread. A large, easy-to-read dial is 
calibrated for the four bands and is turned at a reduced rate 
with the MAIN TUNING control. A single plate of each gang 
of the variable condenser is placed on a separate shaft, and 
these equivalent small parallel condensers are controlled by the 
knob marked BANDSPREAD TUNING. Very fine degree of 
adjustment is possible with the bandfpread control. 

Circuit Considerations. The majority of communication 
receivers incorporate one or two R.F. preselector stages. The cir- 
cuit, of course, is of the superhet type with two stages of I.F. An 
I.F. of about 456 KC. is used in many of these sets. Additional 
circuit refinements, which will be described later, are included to 
give the best possible operation. 
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Advanced Type Communication Receiver. The H oilier afters 
model SX-28 receiver illustrated is the last word in communica- 
tion receivers design and will be of interest to you as a future 
radio technician or operator. Examine the controls of this re- 
ceiver as shown in the illustration below and compare these 
with the ones included for the model previously described and 
the communication receiver explained in Lesson 14. 

This receiver will tune from 550 KC. to 42 MC. in six bands. 
Each band overlaps the adjacent ones, so that stations operating 
on frequencies which are received near the end of any one band, 
may also be received on the next band. 

The knobs of a good quality communication receiver are easy 
to grip and convenient to hold. The control knobs are located 
to give good visibility and convenience of operation. Imagine 
yourself sitting in front of the receiver illustrated and try to see 
how easy it is to reach and turn the various controls. 


HALLICR AFTERS SX-28 


Refer to page 218, of Volume 2, and 
see what amateur bands can be received 
on this receiver. Does it include the Am- 
erican broadcast band? 
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MECHANICAL DETAILS 


Notice the use of metal tubes. Glass 
tubes are used in the audio stage and 
power supply. 


To align a complex receiver of this type, 
detailed instructions giving the position 
of the trimmers and padders will be 
needed. A good signal generator, capable 
of furnishing the various frequencies 
covered by this receiver, will also be 
required. 


The variable condensers are mounted on 
floating rubber supports. Nearby vibra- 
tions will not upset any previously made 
tuning adjustment. 



Figure 315. 

Top chassis view of 
Hallicr afters model SX-28 
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Placement of Parts. Good engineering design permitted the 
placement of parts to aid in making the connections short and 
direct. The four metal tubes placed between the main tuning 
condenser and the band-spread condenser, are used in the two R.F. 
stages, oscillator, and mixer. Metal tubes, of course, are self- 
shielded, but the added shield over the tubes and tuning con- 
densers eliminates all possibilities of picking up stray signals. The 
power supply and audio section are on the right (rear view), while 
the I.F. stages are at the left. 
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EXPLANATION OF THE CIRCUIT 


Crystal Filter Circuit. When the switch shown in the sche- 
matic is in positions 1, 2, and 3, the crystal circuit is short cir- 
cuited. In position 4, with the transformer T, tuned to the 
crystal frequency, a relatively broad resonance curve is obtained. 
In position 5, the trimmer C 20 is adjusted for the circuit to pro- 
vide selectivity midway between the previous adjustment and 
CRYSTAL SHARP setting. For position 6, the trimmer C :<0 is 
adjusted to obtain the sharpest crystal action. Under this condi- 
tion, the secondary of T 2 is slightly detuned from the crystal 
frequency. This detuning prevents the secondary resonance curve 


This explanation should be followed 
with care by referring to the diagram 
of Figure 316. 



Figure 316. Circuit of the crystal filter used in Hallicrafters 
SX-28 receiver. 


The switch shown in this schematic is 
operated in conjunction with an addi- 
tional gang of the preceding stage. 
These various circuits are switched with 
the same rotation. 
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KILOCYCLES OFF RESONANCE 


The crystal filter is used in conjunction 
with the I.F. of 455 KC. The base line 
of each graph is calibrated in kilocycles 
off this frequency which represents res- 
onance. The vertical scale shows the loss 
(in decibels) introduced because of the 
crystal action. 


Figure 317. The action of the crystal for the different set 
tings is apparent from the response curves shown. 
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SINGLE-SIGNAL RECEPTION 


This interference will result only if a 
powerful or nearby station is transmit- 
ting on a frequency very near the fre- 
quency of the station to be received. 


from being greatly affected by the crystal, but the secondary is 
still coupled tightly enough so that a transfer of energy to the 
crystal takes place. 

Single Signal Reception. When a communication superhet 
is used to receive code and the BFO is employed, the frequency of 
the BFO is adjusted to produce the desirable pitch when beat- 
ing with the signal of the wanted station which may have its 
frequency below that of the BFO. But the same BFO frequency 
will beat with a station which may have its frequency correspond- 
ingly above and interference will result. Single signal adjustment 
possible with the better communication receivers will eliminate 
this problem. The figure explains the technique. 




Figure 318. Effects resulting while carrying out single- 
signal adjustment. The curves at the left are obtained 
with the selectivity switch in the X’TAL SHARP position 
and are used to identify the weaker amplitude. The re- 
ceiver is tuned to the weaker amplitude. In the next 
graph, the effect of adjusting this weaker amplitude to a 
minimum value with the phasing control is shown. As a 
final adjustment, graphically shown at the right, the re- 
ceiver is retuned to the stronger amplitude and then the 
pitch control of the BFO is adjusted for a pleasing note. 


The A VC action varies somewhat at dif- 
ferent frequencies of operation. 


A.V.C. CURVE -AT 3 MC. 



Figure 319. The action of the AVC is shown by the graph. 


Volume 3 


Page 284 


Unusual AVC Action. A double AVC system is employed. 
The R.F. and mixer tubes are operated by the broadly tuned 
carrier passing through only three tuned I.F. circuits. The final 
signal, however, passes through six tuned I.F. circuits. As a 
result, when the signal is slightly detuned, the receiver output 
has dropped considerably while the AVC action has dropped but 
little. This results in a reduction of between-station noise and a 
more sharply defined aural tuning action. 
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FIXED CONDENSERS RESISTORS 


Cl 4 , Cl5, Cl*, Cl 9, C 22 , C23, C27, Css, 

Csb, Cm, Cm, Cb7, C02, Cob 

02 mfd., 400 v. 

C10, Cao, C24, Css, Cm, C u, Cm, Cm 

02 mfd.. 600 v. 

C17, C21, Cm, Cm, Cm, Cm, Cos, Coo, 

Crt 05 mfd., 200 v. 

C», Cto, C70 2,000 mmfd., mica 

C 37 , Coo, Gw, Coo 50 mmfd., mica 

Css, Cto, Cao, Css... 5 - 6 J 4 mmfd. ceramic 

C40, Cao 500 mmfd., mica 

C 41 40 mfd., 25 v. 

C 4 J 1 5,000 mmfd., mica 


C «4 10 mfd., 300 v. 

C45, C40, C54 05 mfd., 400 v. 

C 47 40 mfd., 25 v. 

C 48 30 mfd., 400 v. 

Cto 30 mfd., 450 v. 

Cbi, Cm, C74 01 mfd., 600 v. 

Cm 250 mmfd., mica 

C« 4 , Cti 100 mmfd., mica 

Ctb 500 mmfd., silver mica 

C75, Csi, Cat, Csb.. Twisted leads, 2 mmfd. 

C 78 , Css 10 mmfd., ceramic 

Car 25 mfd., 200 v. 


AUDIO FIDELITY CURVE 



Figure 320. Audio response of the Hallicrafters SX-28 re- 
ceiver with different adjustments. Almost flat response is ob- 
tained between 30 and 2,000 cycles, and a small drop occurs 
for higher frequencies. 


Ri, R 7 , Rn, Rib, Rit>, R 24 , Rm, R 37 , Rts, Rb7, Rb», 

Ra» 100,000 ohm, J4 w. 

R 2 10,000 ohm, pet. 

Rs, Rs, R 14 300 ohm, J4 w. 

Rt 25,000 ohm, y 2 w. 

Rb, R», Ris, R 17 , Rss, Rst, Rm 1,000 ohm, y 2 w. 

Ro 6,800 ohm, 2 w. 

Rio, Ria, R 23 , Res 3,000 ohm, J4 w. 

R 12 400 ohm, l / 2 w. 

Ria 270 ohm, y 2 w. 

Rso, Ras, R 27 , Rm, Rot, Rns, Rot... 500,000 ohm, J4 w. 

R 21 250 ohm, J4 w. 

Rsa 1,800 ohm, y 2 w. 

Rm 110 ohm, J4 w. 

Rso 500 ohm, y 2 w. 

Rso 27,000 ohm, y 2 w. 

Rsi 11,000 ohm, 1J4 w. 

Rsa 4,000 ohm, 7 w. 

R 33 , Rsb 500,000 ohm, pot. 

Rss, R 46 , Rb 2 , Rm, Ron 50,000 ohm, $4 w. 

Rso 200,000 ohm, y 2 w. 

Rto, Rti, Rno 250,000 ohm, $4 w. 

R 42 220 ohm, 2 w. 

Rts, R«s 20,000 ohm, 2 w. 

R 44 5,000 ohm, 10 w. 

R 47 8 ohm, y 2 w. 

Rto, R 70 1 megohm, J4 w. 

Rso, Ra7, R 72 500 ohm, 54 w. 

Rbi 20,000 ohm, 1 w. 

Rbs 50,000 ohm, pot. 

Rst 35 ohm, 54 w. 

Rbs 200 ohm, 54 w. 

Ras 1,200 ohm, y 2 w. 

R7i 5,000 ohm, 1 w. 


Audio Response. A pair of 6V6 tubes in push-pull is used 
in the final audio stage of the SX-28, and an undistorted output 
of 8 watts can be obtained. As shown in the graph, very good 
response curve is obtained with I.F. in the BROAD position and 
the tone control out. 
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U-H-F RECEIVER 



The block diagram shows the similarity 
of a FM and AM circuit. Besides the de- 
tectors being different, the hand width 
of the I.F. amplifier is changed (made 
broader) for FM operation. 


Combination FM and AM Receiver. With the exception of 
the detector circuit, frequency modulation and amplitude modu- 
lation receivers are very* similar. For operation in the ultra-high 
frequency band, the various stages of FM and AM receivers are 
alike and only the detector need be different for each type of 
modulation. Hallicrafters engineers took advantage of this fact 
in designing model S-27 receiver. As indicated in the block 
diagram, the same R.F., mixer-oscillator, I.F., and audio stages 
are used for both types of reception, but the circuit is switched 
from one type of detection for FM to the type needed for amplitude 
modulation. 

This receiver provides for reception of three bands covering 28 
to 46 MC., 45 to 84 MC., and 81 to 145 MC. Acorn tubes are 
used in the R.F. stages and converter. 

Because the receiver is intended for receiving ultra-high fre- 
quencies, the I.F. is 5.25 MC. The use of iron core coils in the 
I.F. amplifiers gives very high Q and allows sufficient station dis- 
crimination on the 10 meter communication band. The response 
may be broadly expanded for proper reception of frequency modu- 
lation signals by a turn of the selectivity switch. 

The output of the I.F. amplifier feeds both the AM and FM 
detectors. An additional sharply tuned I.F. stage precedes the AM 
diode detector, however, to provide the necessary selectivity and 
additional gain. The FM detector system includes a limiter which 
serves as an amplifier when the signal is weak, but prevents the 
amplitude from rising beyond a fixed limit when the signal 
increases. 
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Figure 321. A combination frequency modulation and amplitude modu- 
P OQC lation receiver. This set will tune from 28 to 145 MC. on the ultra-high 

* dye uOD frequencies. 
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PORTABLE RECEIVER S-29 


A Portable Communication Receiver. Hallicrajters receiver 
model S-29, known as “The Sky Traveler,” inbodies many of the 
features of large communications receivers and yet is sufficiently 
small and light for easy portability. The receiver may be operated 
from the self-contained batteries or from 110 volts A.C. or D.C. 
Four band reception is incorporated giving coverage from 550 
KC. to 30.5 MC. 

Examination of the front panel shows the usual controls found 
in communication receivers. Bandspead is included. The loud- 
speaker is mounted on a side panel. Alongside the speaker opening 
is a headphone jack. When a phone-plug is inserted, the speaker 
is automatically disconnected. 

Controls and Circuit Details. Starting at the left of the 
front panel, the various controls and their functions will be 
described. The ANL switch connects the noise limiter circuit and 
effectively minimizes ignition and similar types of interference. 



Notice the speaker and phone jack on 
the left side-panel. 


Figure 322. The Hallicrajters Sky Traveler portable communica- 
tion receiver. The complete receiver with batteries weighs 18 pounds. 


The AVC switch is for optional use of the automatic volume 
control feature. To reduce fading, it should be ON when receiving 
’phone signals, OFF when copying code or C.W. signals. 

The MAIN TUNING control selects the wanted frequency. 
The BANDSPREAD TUNING knob controls the bandspread dial 
and its associated condenser. The BAND SWITCH will permit 
the selection of the frequency ranges through which the receiver 
tunes. 


In studying about the controls, you 
should refer to the illustration below. 

Compare these controls to those in- 
cluded in other communication receiv- 
ers you studied. 
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TUBES EMPLOYED IN S-29 


The tubes are of the 1.4 and 3 volt types. 


The POWER SWITCH has four positions allowing (1) the 
receiver to be turned OFF, (2) interconnected for BAT (battery) 
operation, (3) changed for power line AC-DC operation, or (4) 
set in position to CHGE (charge) the batteries. 

The STAND-BY switch removes the current from the plates and 
filaments of all tubes with the exception of the noise limiter which 
has a separate filament battery. Since battery type tubes are used, 
they are ready for operation the moment the filament circuit is 
completed. The remaining controls are familiar to you. 

Battery type tubes are used in the different stages. The filaments 
are connected in series-parallel to utilize a six volt “A” battery. 
For power line operation, a type 50Y6-GT tube serves as the 
rectifier. 


Notice the excellent job of shielding the 
components. 



Figure 323. Inside view of the portable S-29 receiver. 
The illustration shows the telescopic antenna and the socket 
for connecting an external antenna. 


Look up the characteristics of these 
tubes in the charts of Lesson 9. 
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There is a radio frequency pre-selector stage using a type 1T4 
tube, the pentagrid converter employes a 1R5, the two I.F. stages 
use 1P5-GT tubes, a 1H5-GT is used as a diode detector and 
triode audio amplifier, and a type 3Q5-GT serves as the power 
amplifier. Type 1G4-GT tube is used in the BFO circuit. An- 
other 1G4-GT tube is used as the noise limiter tube. This tube 
employs a separate 1 /z volt dry cell for its filament supply. 

A self-contained telescopic antenna is incorporated in the re- 
ceiver. This antenna may be extended to its full length of 28 
inches or compressed entirely into the cabinet. A special socket 
is provided for connecting to other types of outside antennas. 

The battery compartment is visible in the top view illustration. 
The receiver is very compactly built and has found extensive 
application. 
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COMPACT TRANSMITTER HT-6 


Phone and CW Transmitter. This compact telegraphy and 
’phone transmitter, known as Hallicr afters model HT-6, provides 
for a power input of 25 watts to the final stage. The HT-6 was 
designed primarily for amateur station use, but served in many 
commercial and Army applications. For the usual function, crys- 
tals and coils for any three bands may be plugged in the sockets 
provided, pretuned, and then switched as required by a control 
located on the front panel. This switch properly connects all 
circuits from the crystal to the antenna. 

An electron coupled oscillator unit may be used in place of the 
crystal. The use of the ECO will permit varying the transmitter 
frequency in the amateur band employed. Special coils and 
adapters are also available to convert the transmitter to 10 or 5 
meter operation. 

Circuit Considerations. A type 6L6 tube is used as the 
oscillator and for the higher frequencies it also serves as the doubler. 
Type 807 beam power transmitting tube is employed in the final 
stage. The audio amplifier needed for modulating the trans- 
mitter is made up of a 6SQ7 triode section resistance coupled 
to a dual triode 6SC7 which serves as an additional voltage 
amplifier and phase inverter. The audio power amplifier uses a 
pair of 6L6-G tubes in push-pull. 

Two similar power supplies, each using a type 5Z3 rectifier, 
are included. One serves the R.F. section, while the second 
supplies plate and filament power to the modulator. 


Go back to the lesson on oscillators. 
Compare the circuits of crystal oscilla- 
tors and the electron coupled type. How 
can these be altered from one to the 
other? 


Make a block diagram of this transmit- 
ter. The information presented in this 
paragraph is sufficient for this purpose. 


Because the two power supplies are con- 
nected as explained, only one of these 
supplies is employed when telegraphy 
transmission is used. 



Figure 324. A compact 25-watt ’phone and CW transmitter of 
Hollicrafters make. 


Each final plate coil is supplied with its own antenna coil. Con- 
nections to these pickup coils are made by means of flexible leads 
which may be clipped to the bare winding and include any 
needed number of turns. When the output coils are adjusted for 
the particular antenna used with the transmitter, no further adjust- 
ment is necessary when changing bands. 

A 100-Watt Transmitter. The Hallicrafters model HT-9 
transmitter rated at 100 watts on CW and 75 watts on ’phone, 
represents an outstanding engineering achievement in design, com- 
pactness, and ease of operation. The needed crystals and exciter 
coils for five bands may be plugged in the sockets provided and 


In every way, the number of operation* 
to place the transmitter on the air is 
reduced. 
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100 WATT TRANSMITTER HT-9 


Having the controls on the front panel 
is a great convenience in operation. 


The modulator must he rated at about 
50% of the power delivered to the R.F. 
stage being modulated. Four 6L6 are 
capable of producing over 50 watts. 


By using only one hand and wearing 
shoes with heavy soles, there is little 
chance of completing the high voltage 
circuit with your body. 


These top connections are made to the 
plates of the tubes. 


pretuned. With the exception of the final tank coil which must 
be changed when shifting to another band, all other functions of 
band switching, circuit meters, and controls are located on the 
front panel. 

Facts About the Circuit. The exciter unit uses a type 6L6 
and a type 6L6 tube in a special circuit. When the transmitter 
is operated on the crystal frequency, the second 6L6 is the oscil- 
lator. When the operation is to be on twice the crystal frequency 
(doubling), one 6L6 is employed as the oscillator tube and the 
second 6L6 is the doubler. The switching and socket connections 
automatically take care of the different sets of coils, crystal cir- 
cuits, the raising of the bias on the 6L6 for doubling as required, 
and changing the screen voltage on the 6L6 to give correct 
excitation. 

A type 814 transmitting tube is used in the final stage. The 
modulator employs a 6SJ7, resistance coupled to a 6J5, which is 
transformer coupled to four type 6L6 tubes in push-pull parallel 
arrangement. 

In order to apply plate power in this transmitter, the lid of the 
cabinet must be closed so as to operate the 110 volt interlocking 
switch. Such safety switches are usually incorporated in trans- 
mitters where the voltages are high enough to be dangerous to 
human life. High voltage equipment should be serviced and tested 
with an ohmmeter. For some tests a voltmeter having the correct 
scale may be connected into a circuit, but your hands should not 
be in contact with the prods, leads, or meter during the test. Work 
with one hand while the transmitter is in operating condition. Do 
not wear headphones while working. 

It is interesting to note the position of the stages in the top view 
of the chassis. The modulator is at the left of the chassis, with the 
four 6L6 tubes in a group. In the back, between the two trans- 
formers are three rectifier tubes. In the rear right hand corner is 
the power supply for the final R.F. tube. Two type 866 rectifiers, 
with grid caps, can be seen. The various coils and crystals (some 
in cans) are in the center. 
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Figure 325. 
Hallicrafters HT-9 
100-watt transmitter. 
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Marine Radiotelephone Transmitter. The Hallicrafter 
model HT-12 unit combines a 50 watt ’phone transmitter and a 
sensitive superhet receiver. The unit is intended for use on small 
vessels and provides ten crystal controlled transmitting and receiv- 
ing channels for communications with shore stations, with other 
ships, and with the Coast Guard. 

Simplicity of Operation. Selection of the proper operating 
channel is made by placing the TRANSMITTER FREQUENCY 
switch-knob in a numbered position corresponding to the wanted 
frequency. The correct adjustments are made beforehand by a 
technician and the operator need not make any changes. The 
frequencies used usually lie between 2,000 and 3,000 KC. The 
receiver and transmitter circuits are interlocked. The receiver 
volume is adjustable and the loudspeaker included may be em- 
ployed. While the operator speaks into the microphone, the trans- 
mitter remains in operation. Approximately l/ 2 seconds after 
the operator has stopped talking, the time lag of the voice con- 
trol circuit is overcome. This action stops the transmitter operation 
and the receiver is automatically placed in service. 

Circuit Considerations. The transmitter uses a 6L6 oscillator 
which is crystal controlled and may be connected to any one of ten 
crystal channels. A pair of 807 tubes in parallel are used in the 
power amplifier. A simple network of resistors is used to prevent 
parasitic oscillations in the final stage. The modulator consists of 
a triode section of a 6F8-G, driving four 6L6-G tubes connected in 
push-pull parallel. Another dual triode 6F8-G is used to control 
the delay relay. 

The receiver employs a 6SK7 R.F. amplifier. A type 6SA7 tube 
serves as the mixer with a 6SJ7 serving as a separate oscillator. 
The single stage I.F. amplifier uses a type 6SK7 tube. The diode 


MARINE TRANSMITTER HT-12 


Because of the simplicity of operation, 
no special radio license is needed by 
the operator. 


As long as the audio amplifier tube cur- 
rent is varied, and for 1*4 seconds there- 
after, the relay circuit keeps the trans- 
mitter in operation. Without excitation 
(when talking stops), the plate current 
is constant and the receiver is connected 
for operation. 



The power supply case may be 
placed in a convenient corner 
some distance away from the 
main unit. The radiotelephone 
may be mounted on a wall or 
placed on a table. 


Figure 326. A marine radiotelephone for ship installation. The unit pro- 
vides for two way communication on ten separate channels. 
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CIRCUIT CONSIDERATIONS 
Make a block diagram of the receiver. 


The regular power supply employs one 
6X5-G and two 5Z3 rectifiers. The 6X5-G 
serves the receiver. 


section of a 6SQ7 tube serves as the second detector. The triode 
section of this tube and also another triode serve as audio voltage 
amplifiers. The audio power amplifier tube is a 6K6-G. 

Power Supply. The radiotelephone is designed for operation 
from 1 10 volts A.C. Since most vessels have 32 or 110 volt D.C. sup- 
ply, a rotary converter is employed to change this source of power 
to 110 volts A.C. On ships where a 12 volt D.C. supply is avail- 
able, a heavy duty vibrapack for the receiver and a dynamotor 
for the transmitter arc used. 



Figure 327. Top chassis view of the Hallicrafters model HT-12 
transmitter-receiver. Notice the ten sockets for the crystals. 


Review Questions and Problems. 1. Could a communica- 
tion receiver be used as a home radio? Are there any advantages 
to this use? Any limitations? 


2. What is the main difference between frequency modulation 
and amplitude modulation receivers? 


3. Why are hands changed, anyway? 


3. Why do operators prefer simple methods of band shifting 
in transmitters? How were the bands changed in the transmitters 
described Lesson 16? 


4. Briefly describe the function of each tube used in model 
SX-28 receiver. Refer to the circuit shown on page 285. 


5. In what way is the action of the “stand-by” switch of the 
S-29 portable different from the usual communication receiver? 


Volume 3 


Page 292 


6. How is the HT-12 radiotelephone transmitter changed from 
transmit to receive positions? 
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LESSON 26 


Radio Compass 


Purpose of a Radio Compass. The position of a ship equipped 
with a radio compass can be determined. The exact location of 
a nearby radio station (preferably two stations) must be known 
and a scale map of the waters in which the ship is located 
must be available. The radio compass will permit the calcula- 
tion of the distance from the ship to any shore point and will 
also permit the checking of the regular magnetic compass. 


The use of the radio compass is in- 
tended for approximately determining 
the position of a ship in waters near 
shore. 



Figure 328. A radio compass receiver and power supply. The 
use of this radio compass will permit the operator to determine 
the exact position of the ship on which the compass is installed. 


Radio Compass Receiver. Essentially, the Hallicrafters model 
S-30 radio compass is a sensitive receiver using a loop antenna. 
The loop antenna may be rotated and its position (azimuth) is 
indicated by a pointer on a calibrated dial. The signals from any 
one station will be maximum when the loop is parallel to or 
pointing at the station. In using the compass, usually the loop 
is adjusted for minimum signal or null point and is then at right 
angles to the parallel line to the station. The null or minimum 
signal point can be detected in the headphones and also on the 
tuning eye indicator. 


If you have a loop antenna portable 
radio, observe the effects on the opera- 
tion as the radio is rotated. The varia- 
tion in volume would be more noticeable 
if no AVC action were present. 
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USING THE RADIO COMPASS 


Special converters may be obtained. 



Figure 329. This illustration shows the 
method for plotting the ship’s bearing. The 
ship is located somewhere within the 3° cone. 


It is possible to find one’s position even 
if only a single known radio station can 
be received. The bearing is taken at 
short intervals of time (and distance) 
apart. The magnetic compass will give 
your direction of travel during the test 
period. The angle between the line of 
the station and the line of travel can be 
obtained from each of the two bearings. 
If the distance of travel can be approxi- 
mated, the new position can be obtained 
by solving a simple problem in trigo- 
nometry. 


The receiver covers the following frequencies in three ranges: 

Beacon Bandy 220 to 540 KC. 

Broadcast Bandy 535 to 1,340 KC. 

Marine Bandy 1,200 to 3,000 KC. 

The unit is supplied with a power supply for operation from a 
6 volt storage battery. 

Installation Suggestions. The radio compass should be 
mounted on a separate bulkhead. The rose of the loop should 
be well below the eye level and sufficient head room should be 
available for 360° rotation of the loop itself. In selecting the 
location for the radio compass remember that it should be as 
close as possible to the regular compass and chart table. Do not 
mount the radio compass close to wiring, pipes, or metal objects 
which would distort the field of the received signal and seriously 
affect the accuracy of the results. 



Figure 329-A. A chart showing the method for obtaining the cross-beai- 
ing. The possible error area is also shown. 

Getting Your Bearing. There are several ways for finding the 
ship location, but we will describe the one most often used and 
which requires the known positions of two radio stations. The 
positions of the stations are marked on a map you may be using. 
A bearing is taken for one of the stations and a cone (3° wide) 
is drawn at the angle indicated by the radio compass in relation- 
ship with the magnetic compass. Then a similar bearing is taken 
for the second station. The intersection of these cones determines 
the position of the ship. 


Review Questions and Pboblems. 1. What makes up a radio 
compass? 

2. What accessories are needed to use the radio compass? 
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3. Obtain an automobile map of a single state which includes 
a part of a large lake or an ocean coast line. Guess the probable 
location of two or more radio stations. By assuming that you 
obtain certain readings on a radio compass, locate your ship. Select 
angle values which will permit the ship to be somewhere in the 
nearby waters. 
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LESSON 27 


Frequency Standards 

Wavemeters.* Early frequency standards were simply variable 
tuned circuits, known as wavemeters. These instruments were cali- 
brated against the output of a rotary high-frequency alternator. 
The wavemeter is subject to considerable error and, even with pres- 
ent precision manufacturing and calibrating facilities, the depend - 
able accuracy is in the neighborhood of only 0.2%. 

Tuning Fork Oscillators. The first true standards of fre- 
quency were electrically excited tuning forks. These forks were 
maintained in vibration by a regenerative vacuum-tube oscillator 
circuit and were temperature controlled to provide the highest de- 
gree of frequency stability. Frequency was determined by direct 
reference to the basic element, time, through a synchronous motor- 
driven clock connected to the output of the oscillator, and comparing 
the time, as indicated by that clock, with true time as determined 
by astronomical observatories such as the U. S. Naval Observatory'. 

The Use of Quartz Crystals. Quartz crystals, having a large 
equivalent inductance and a high Q, possess a degree of frequency 
stability unattainable with other types of oscillator frequency con- 
trol. 

Frequency standards are divided into two classifications: (1) 
primary' standards of frequency, and (2) secondary standards of 
frequency. The primary standard, as its name implies, is a funda- 
mental standard against which all other frequency determinations 
are made. It is an independent standard because it is checked for 
accuracy and stability by direct measurements against time. The 
secondary standard has no provisions for checking its frequency 
directly with time and it must be calibrated by reference to some 
primary standard. 

Primary Standards of Frequency. Fundamentally, a primary- 
standard of frequency consists of a temperature controlled crystal 
oscillator, a series of multivibrators for subdividing the oscillator 
frequency, and a synchronous motor-driven clock. The oscillator 
frequency usually is 50 KC. The crystal temperature is held to 
within a maximum variation of 0.01 degree Centigrade, in a heated 
chamber, while the oscillator circuit components are temperature 
controlled to a lesser degree. 

The oscillator frequency is subdivided by multivibrators to pro- 
vide a series of standard frequencies and to obtain a suitable low 
frequency for driving the synchronous motor clock. Since the time 
as indicated by the clock is entirely dependent on the frequency of 
the exciting current, and since the driving frequency is derived from 
the crystal oscillator, the clock actually serves as a counter for the 
number of oscillator cycles which occur in a given passage of time. 
By comparing the clock time with true time, the average frequency 
of the oscillator can be determined. 

A primary standard is merely a generator of standard frequencies; 
to perform actual measurements, additional equipment is required. 

# Much of the material in this lesson is taken from “Frequency Control 
with Quartz Crystals” published by Bliley Electric Co. 


For majority of applications the fre- 
quency produced by R.F. generators 
must be known to considerable accuracy. 


Tuning fork oscillators are suitable for 
producing audio frequencies. 


The essential information on quartz 
crystals was already presented in the 
lesson dealing with oscillators. 


It is important that you have clearly in 
mind the difference between primary 
and secondary frequency standards. 


Now' is a good time to review' the section 
on multivibrators which begins on page 
212, of Volume 2. 


The frequency produced may he sub- 
divided down to 60 cycles and a regular 
commercial electric clock may be used. 
Clocks are also available for operation 
from other frequencies. 
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FREQUENCY MEASURING 


If the necessary equipment is available, 
you should carry out the actual measure- 
ment of an unknown frequency. 


Th is chart is easy to understand by fol- 
lowing the explanation in the text. 



The Hallicrafters HT-7 frequency stand- 
ard (illustrated) consists of a stable 
crystal oscillator providing either 1,000 
KC. or 100 KC. output, together with a 
10 KC. multivibrator and a harmonic 
amplifier. 
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A calibrated receiver is, of course, a necessity. For general fre- 
quency measurements, the receiver should preferably be the simple 
regenerative type but superheterodyne receivers can be used. If a 
superheterodyne receiver is used, extreme care must be taken to 
make certain that the signal being measured is properly tuned in, as 
erroneous measurements can easily result from false reception 
through images, harmonics, or odd beats between the signal and the 
receiver oscillator. This is most troublesome when the intensity of 
the signal being measured is quite high. 

Measuring Technique. The process of measuring a certain 
radio frequency against a primary standard is, briefly, to locate that 
frequency with respect to two adjacent harmonics of the standard 
frequency generator. This is illustrated. Measurements can be 
made with a fair degree of accuracy by using only the receiver and 
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Courtesy Bliley Electric Co. 

Figure 330. A graphical illustration of the 
method used for determining an unknown 
frequency with the aid of a frequency standard. 

the frequency standard. The signal to be measured indicated as (f x ) 
is tuned in and the receiver dial setting carefully noted. The output 
from the primary' standard is then connected to the receiver and the 
dial setting noted for the two harmonics of the standard which are 
immediately adjacent to this frequency, f x . The frequency of the two 
standard harmonics is known from the approximate receiver cali- 
bration and, by interpolation, f x can be determined. A graphical 
picture and correct formula are stated in the figure. 

The same general process can be followed by beating a calibrated 
oscillator against f x , and the two adjacent standard frequencies, in 
the receiver. The interpolation is then carried out from dial set- 
tings of the oscillator corresponding to f,, f 2 and f x . This latter 
method is advantageous where the signal strength of f x is very low 
or where it is varying widely due to such effects as fading. 

Secondary Standards of Frequency. Any previously calibrated 
frequency determining instrument is a secondary standard of fre- 
quency. Through common usage, however, secondary standards are 
considered to be crystal controlled oscillators of high stability em- 
ployed for frequency measurements. 

Secondary standards are used where the extreme precision and 
flexibility of the primary standard is not required and more sim- 
plified equipment is adequate. They have no provision for directly 
determining frequency and must be both calibrated and checked 
against some primary’ standard. 
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Frequency Meters 

Purpose of Frequency Meters. Direct reading frequency me- 
ters are used to indicate the frequency of the alternating current 
produced by power generators. The frequency generated by an 
audio frequency signal generator or obtained from some other 
source can be measured and read directly on an electronic fre- 
quency meter. Such a meter may be used also as an indicating 
instrument in testing quartz crystals by a comparison method or 
experimentally as the base of an FM modulation indicator. Com- 
bined with a photo-cell and amplifier, it can be used as a speed 
indicator. 

Vibrating Reed Frequency Meter. Meters of this type are 
used to indicate the frequency of A.C. power and are used on 
engine-generator sets, in telephone work, and on panel and control 
boards in central stations and industrial plants. The speed of 
A.C. generators must be adjusted to produce the required frequency 
— usually 60 cycles per second. 

As shown in the illustration, a meter of this type consists of a 
case (1), base (2), dial (3), central mounting frame (4), a series 
of spring steel reeds (5), screwed to a reed mounting bar (6), 
an individual driving coil (7) surrounding each bank of reeds, 
a permanent magnet (8), a series resistor (9), and terminal studs 
(10). In operation, the alternating current (or interrupted direct 
current) excites the driving coil. Each reed is adjusted to respond 
by mechanical resonance to a single frequency only, and the 
one reed in tune with the frequency in the coils will respond. 
This reed will vibrate rapidly because of polarization by the per- 
manent magnet and the induced magnetism from the coil. A 
series resistor of a suitable size adapts the instrument to the oper- 
ating voltage. The frequency of the current can be read opposite 
the vibrating reed on the graduated face of the instrument. 

Usually these instruments are supplied for indicating frequencies 
around 50 or 60 cycles. If the frequency of the source is frac- 
tional — for example, 60.5 cycles per second — the 60 cycle reed 
will vibrate to about half its full amplitude and the 61 cycle reed 
will vibrate similarly. 

Direct Reading Electronic Frequency Meter. It is possi- 
ble to measure the frequency of the exciting voltage with the aid 
of electronic circuits. The unit illustrated can be used to measure 
zero to 50,000 cycles per second, in six ranges for greater accuracy. 
The frequency may be read on a calibrated meter or the unit 
may be used to drive a recorder. Variations of the signal voltage 
between / 2 and 200 volts will not upset the 2% accuracy of the 
instrument. The unit may be operated from 60 cycle A.C. with 
voltage variations between 105 and 125 volts. Built-in electronic 
regulators compensate for these changes. The circuit of this unit 
cannot be released at this time because of War conditions. 

The circuit employed converts frequency supplied to the input 
to corresponding D.C. current which is used to operate the cali- 
brated meter. A sensitive relay is included to protect the meter 
from overload in case higher frequency than the maximum of the 
range used is applied to the input. 


Portable Army radio equipment is often 
used with A.C. generators driven by 
gasoline engines. The speed of the ro- 
tation is adjusted to produce current of 
the required frequency. 



Courtesy J-B-T Instruments , Inc. 

Figure 331. An illustration of a complete 
vibrating reed frequency meter and the com- 
ponents which make up the unit. The com- 
ponents are explained in the text. 

All reeds of a frequency close to the fre- 
quency of the source, will vibrate to 
some degree; the strongest vibration 
will be present in the reeds closest in 
frequency. 



Courtesy North American Philips Co. 
Figure 332. A direct reading frequency 
meter which employs electronic circuits. 
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Courtesy Bendix Aviation, Ltd. 

Figure 333. The emergency transmitter in 
operating position. Notice the antenna reel and 
the method used for securing the antenna wire 
the equipment. 



Circuit of the Gibson Girl emergency 
transmitter. 
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Automatic Emergency Transmitter 

General Description and Purpose. The Gibson Girl * emer- 
gency transmitter is designed for operation from a rubber life 
raft. The transmitter is self-contained in a sturdy metal case which 
is molded to the contour of the operator’s legs, between which it 
is held for operation. The equipment includes a reel, holding 300 
feet of antenna wire, in a compartment in the front panel of the 
transmitter. A kite which is easily assembled is provided also. 
This kite will lift the antenna wire and should be used when wind 
velocities arc between 7 and 40 miles per hour. A balloon which 
is inflated from a hydrogen generator is employed if there is lack 
of wind. 

The set provides automatic code transmission of predetermined 
signals so that any operator, no matter how untrained, can send 
constantly repeated distress signals which, when received by rescue 
parties, permit bearings to be taken. The transmitter operates on 
the international distress frequency of 500 KC. with 1,000 cycle 
tone modulation. At sea, the signals produced will blanket an 
area of at least 200 mile radius. 

How the Transmitter Is Operated. All the equipment of the 
emergency transmitting system is packed in a bag attached to a 
parachute. The transmitter is water tight and, since the packed 
bag will float, the equipment may be dropped to survivors in dis- 
tress or at the time a plane is being abandoned. 

The operating controls of the transmitter arc grouped in the 
elongated-oval protective depression on the front panel. Radium- 
illuminated markings enable the controls to be operated at night. 
All electrical power is supplied by a hand-driven generator, oper- 
ated by a crank. The proper speed is indicated by the lighting of 
an indicator lamp, and the voltage output is made constant over a 
wide range by the use of relay-type voltage regulator. The hand 
crank also rotates the keying apparatus. The accuracy of the key- 
ing mechanism speed is maintained by the use of a slipping clutch 
and governor arrangement. 

A selector switch on the front panel of the transmitter allows se- 
lection of (1) automatic radio keying, (2) manual radio keying, 
(3) manual signal lamp keying for night signalling, or (4) con- 
tinuous signal lamp light. 

Circuit Employed. The transmitter uses a type 12SC7 dual 
triode tube as the audio oscillator and audio amplifier. A type 
12A6 tube is used as the electron-coupled R.F. oscillator and is 
modulated with the audio tone. The keying circuit is in the 
cathode return of the R.F. oscillator tube. The antenna is reson- 
ated by a tuning control mounted on the front panel. Maximum 
radiation efficiency is indicated by maximum brilliance of the indi- 
cator lamp provided for this purpose. Plate-loading characteristics 
and antenna height have almost no effect on the frequency. 

♦Called the Gibson Girl because of the hourglass shape of the transmitter. 
This equipment is manufactured by Bendix Aviation, Ltd., subsidiary of 
Bendix Aviation Corp., through whose courtesy the material for this lesson 
was obtained. 
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High Frequency Heating 

Basic Principles. Energy cannot be created or destroyed, but 
it can be changed in form. The changing of the form of energy is 
essential for its economical transmission or for proper application. 
Many industrial problems can be overcome by applying heat to 
substances with the aid of high frequency generators. Heat can be 
induced in metallic and non-metallic materials from an associated 
radio transmitter. Proper coupling must be made for magnetic or 
dielectric transmission of energy from the high frequency 
generator to the substance to be heated. The generator must be 
easily controlled, but the exact frequency produced and slight drift 
are not important and simple self-rectifying self-excited oscillators 
are used. The main advantages of high frequency heating lie in 
uniform distribution of heat within the substance and the relative 
coolness of the nearby surroundings. 

Generating Equipment. The high frequency oscillators used to 
generate the power needed are available commercially in sizes from 
a few watts to about 600 kilowatts. The basic circuit of the gener- 
ator is shown in the diagram. You will notice that this is a push- 
pull self-excited oscillator circuit with separate rectifiers to convert 
the stepped-up high voltage 60 cycle A.C. to D.C. This circuit 
shows the main elements and is not to be considered as complete. 


Input Rectifier Oscillators 

transformer 



The values of the inductance and capacity are selected to give the 
proper frequency for the application at hand. Correction may be 
incorporated in the design for the effects of the load. The circuit 
shows the dielectric method for applying energy to non-metallic 
materials. Specially shaped coils, or perhaps the actual inductance 
of the unit, are used for delivering the energy to metallic substances. 

Since the output high frequency wave-form and stability are not 
important in applying high frequency heating, some commercial 
generators use spark-gap oscillators. 

For heating dielectrics (non-metallic substances) there is consid- 
erable advantage in using very high frequencies. Higher frequen- 
cies usually produce lower voltages across a given space of the 
dielectric and permit greater concentration of power. However, the 
efficiency of the generating equipment falls off as the frequency is 
increased and the actual choice of the operating frequency is a com- 
promise. Practical experience has shown that frequencies in the 
five to fifteen megacycle range can be generated economically for 



Photograph courtesy of RCA 
Figure 334. To attach together sheet ther- 
moplastics and thermoplastic coated fabrics, 
RCA has developed the electronic “sewing” 
machine. This modern machine uses high 
frequency heat to solve another industrial 
problem. 


Figure 335. The basic circuit of an elec- 
tronic R.F. generator suitable for producing 
the power needed for high frequency heating. 

Reprinted through the courtesy of 
“Chemical d Metallurgical Engineering ’ 
and The Girdlcr Corp. 


The hardening and annealing of steel, 
drying of glue in ply-wood, and setting 
of certain plastics are a few industrial 
applications. 


Less power output is obtained from the 
same transmitter as the frequency is 
increased. 
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APPLICATIONS OF H-F HEATING 


You can read more about heat in any 
elementary book on Physics. 


Figure 336. A pictorial view of the essen- 
tial components which make up a high fre- 
quency generator used for drying ply-wood. 

Reprinted from " Aviation" xvxth permission of 
The Girdler Corp., Thermex Division 



Figure 337. A view of a press and a high 
frequency generator which is manufactured by 
The Girdler Corporation. The photograph 
shows high frequency heat being used to cure 
glue joints in two 4J/a inch wood blocks. 
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such applications. Units built for producing heat in metallic ob- 
jects are operated in the 100 to 300 KC. range. 

Physics of Heat. Heat energy is measured in B.T.U.’s. Elec- 
trical energy is measured in watts, or in kilowatts, per period of 
time. One kilowatt hour (1,000 watts applied for one hour) is equal 
to 3,413 B.T.U.’s. In order to determine the requirements for high 
frequency heating, it is necessary to know' the weight, specific heat* 
of the substance, and the temperature rise needed. With this infor- 
mation it is possible to calculate the B.T.U.’s required for the task, 
and by converting this to kilowatts understand how' large a high 
frequency generator will be needed. Efficiency of 50% may be as- 
sumed, and this means that the equipment needed must be rated at 



Application to Non-Metallic Substances. Most often the 
object of* using high frequency heating of non-metallic materials is 
to (1) heat materials uniformly and at a rapid rate or (2) to bring 
about chemical reactions. Practically all non-metallic items can be 
rapidly and uniformly heated with high frequencies. During War- 
time, high frequency heating is especially important in speeding the 
production of ply-wood which is used for certain types of boats and 
airplanes. High frequency dielectric heating can be applied to 
reduce the drying time of paper, textiles, powders, ceramics, and 
tobacco. This type of heating is essential in the manufacture of 
certain type of plastics. Thick sections of rubber can be speedily 
cured, or rapidly softened for masticating purposes with high fre- 
quency heating. The heat generated with the aid of high fre- 
quency equipment can be used to destroy infestation in grain and 
cereal without harming the products. 

Application to Metallic Substances. High frequency heating 
has been applied to ferrous and non-ferrous metals for hardening, 
annealing, melting, brazing, soldering, bombarding, and coating. 
The section of the metal object to be heated is placed within copper 
tubing, made in the form of a coil large enough to surround the sec- 
tion under treatment. The heat energy is induced only in the area 
lying within the turns of the work coil (as this inductance is called) , 
and the effect is so instantaneous that it is a relatively simple matter 
to apply the coil or connected coils to one section or single part, or 
simultaneously to two or more sections and to heat those sections 
in a manner that will produce no distortion or structural changes in 
other sections of the heated part. By connecting a group of suitable 
coils in series, many similar items can be treated at one time, thereby- 
speeding up production. 

•Specific heat is the number of B.T.U.’s required to raise one pound of a 
material 1 degree F. Water is used as a standard and is assigned the specific 
heat of 1. That is, it requires 1 B.T.U. to raise 1 pound of water 1 degree 
F. (at about 64° F.). For example, most wood products at normal moisture 
content have an average specific heat of .45. 
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LESSON 31 


Electronic Shaping Circuits 


Purpose of Shaping Circuits. Electronic shaping circuits 
change the shape of current and voltage waves with the aid of 
vacuum tubes. For example, the appearance of a sine wave before 
and after shaping is shown below. These circuits and their effects 
are essential in television and radar work, and are also used in 
many industrial electronic devices. In television work for example, 
these circuits are used in blanking and synchronizing. 

You already have learned that radio circuits are a combination 
of resistors, coils, condensers, and vacuum tubes. This is true, also, 
of course, for electronic shaping circuits. Therefore, since you have 
a thorough understanding of the action of these basic units, you 
need only find out how these components behave in combination 
with each other to form various shaping circuits. 



Figure 338. A graph of a sine wave showing the effect of 
clipping the upper and lower peaks. 


Clipper Circuits. Usually, clippers are used in forming square 
waves out of sine waves which, in turn, are produced with a regular 
oscillator. The result of this process was illustrated above. Recall 
the explanation of a sine wave as given on page 55, Volume I. The 
sine wave may start at a minimum value of intensity, rise smoothly 
to a maximum in one direction, fall back to a minimum, then the 
polarity is reversed and the action is repeated. Examine the draw- 
ing of a sine wave. Notice that the maximum and minimum 
values occur at single specified instants of time. The entire varia- 
tion is smooth — there are no abrupt changes' or discontinuities. 

We can change the shape of this sine wave by cutting off the 
extreme top and bottom parts. With this change, the maximum 
and minimum values will no longer occur at a single instant of 
time, but will now occur over a longer period of time. The wave 
is no longer smooth — abrupt changes in values have been intro- 
duced, and we call this new type of wave a modified square wave . 
The square wave has important electronic applications because 
many shaping circuits depend for their operation on abrupt changes 
which are present in the square wave. 

If you connect a triode vacuum tube as shown in the figure, and 
apply suitable plate voltage, grid bias, and a high-amplitude sine 
wave signal, the plate current will vary as shown. The signal volt- 
age applied to the grid should be great enough to cause the plate 
current to drop to zero for a short portion of the negative part of 


This lesson was prepared by L. M. 
Feiler, a well known radio engineer, 
at present doing design w r ork on Radar 
equipment. 


Only the very simplest shaping circuits 
are discussed in this lesson. 


Please understand that there are 
changes, but no abrupt changes in a 
sine wave. 




© QA 


This is a basic clipper circuit using 
two diodes. In commercial circuits no 
separate batteries are used, but the cir- 
cuit is so arranged that the correct 
polarities are obtained from a single 
power supply. 
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CLIPPER CIRCUIT 


the cycle as shown at the zero current point, a . We have now 
clipped the negative crest of the sine wave. Before the positive 
maximum value of the sine wave is reached, the grid causes the plate 


Notice that the triode clipper circuit, 
besides clipping the peaks of the sine 
wave, behaves very much as a triode 
tube amplifier increasing the signal and 
reversing the phase. 



obtained from this type of circuit. 



current to reach saturation value, as shown at b. The plate cur- 
rent can no longer rise rapidly and, therefore, remains at a rela- 
tively constant value for a period of time. The shaping of one cycle 
of the sine wave is completed by this clipping off of the positive 
crest. 

You understand, of course, that by varying the position of the 
slider S in the figure, we can shift the operating line c , either to 
the left or to the right. If shifted a certain amount to the left, 
only the bottom or negative half will be clipped. If shifted to the 
right, only the positive side will be clipped. 



Volume 3 


Courtesy Hewlett-Packard Co. 
Figure 340. Special signal generators are available for producing square 
waves. Some units are designed for operation in conjunction with a sine 
QftQ wave audio frequency generator, and convert such sine waves to square 
ruyC OUu waves of the same frequency. 
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DIFFERENTIATOR, INTEGRATOR 


The triode tube clipper circuit may be replaced with a circuit 
using either a diode or a pentode. A diode clipper circuit is also 
illustrated. 

Differentiator Circuit. The differentiator is a circuit produc- 
ing a voltage or current proportional to the speed with which the 
applied wave changes in value. This circuit is used primarily to 
obtain narrow pulses (pulses of very short time duration) from 
broad pulses. 

When a sudden change occurs in the voltage across a condenser 
C, and a resistor R, connected in series, most of the voltage drop 
will appear across the resistor. This is due to the fact that the 
current through the condenser is proportional to the speed of 
change of the applied voltage. Since the applied voltage has 
changed suddenly its speed of change is high. The voltage drop 
across R is equal to the current multiplied by the resistance. The 
resistor is of a fixed value and, if the current is high, there will be 
a large voltage drop across this resistor. However, the total voltage 
drop in a circuit can never exceed the voltage applied; therefore, 
the drop across the resistor is nearly equal to the applied voltage. 
A sudden change in applied voltage is represented by a in the 
figure, and the resulting voltage drop across R, is represented by b. 

At point d , the voltage is not changing although its value is high. 
This is an important distinction. The value of a voltage at any 
time need not be related to its speed of change at that time. Since 
the speed of change at d y is less than at a 3 the current in the circuit, 
during the time interval represented by d, is less also. If the cur- 
rent is decreased, the voltage across the resistor is decreased and, 
therefore, the voltage is shown as decreasing at e. At each sudden 
rise and fall of applied voltage, a sharper rise and fall of resulting 
voltage across the resistor occurs. The resulting voltage variation 
across the resistor is called a differentiated wave. 

Integrator Circuit. The purpose of the integrator circuit is to 
smooth out or delay any sudden change in voltage or current. Both 
in its action and in its inter-connection of parts the integrator is 
essentially the differentiator circuit in reverse. It depends for its 
operation on the fact that the voltage drop across a condenser lags 
behind the current flowing through it. If we change the applied 
voltage suddenly, across the circuit illustrated, as when we apply 
a square wave of voltage, the current will rise suddenly, but the 
voltage across the condenser will change slowly. Please notice that 
the voltage across the resistor will still rise as explained for the dif- 
ferentiator, but this time you are not interested in the voltage across 
the resistor — the output is obtained across the capacitor. The speed 
with which the voltage rises across the condenser depends on the 
value of C and R. The larger their values, the more gradual is 
the voltage change. 

Various forms of integrator circuits combined with special gas 
discharge tubes arc used in generating the sweep voltages of cathode 
ray oscillographs. 

Mixer Circuit. Quite often in changing the shape of a current 
or voltage wave, it is necessary to combine the effects of clippers, 
differentiators, and/or integrators. A mixer circuit is used for this 
purpose. It is generally made up of two tubes or two sections of 
a dual tube. Different signals are applied to the grids of each 
tube, and since their plates are connected together, the signals are 
electronically combined to form a new wave shape. 


Speed is used in the sense of the rate 
of change. 


A sudden change from one value to 
another represents a high rate of change 
since no time duration was involved 
to accomplish this change. 










A basic differentiator circuit is shown 
above; an integrator circuit is below it. 
At the bottom of this column is a basic 
mixer circuit. 
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LESSON 32 


A review of Lesson 26, dealing with the 
radio compass, will help you in under- 
standing this material. 



Radiation pattern from a compact loop 
antenna. To fix the idea in your mind, 
stand a coin on its edge directly above 
the view of the loop. Assume the coin 
is the loop antenna. If the page of the 
book is held flat, the figure-eight radia- 
tion extends away from all edges of 
the coin; in the directions shown and 
also to the top, bottom, and at all angles. 



Radiation pattern from a beacon sta- 
tion. You must understand that either 
the code of letter A or letter N predomi- 
nates in various areas, but these are of 
equal intensity along the lines marked 
OX, OA, OB, and OC. 
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Aircraft Direction Finders and Beacons 

Need for Guidance in Flight. In order to travel between two 
points, sign posts, a trail, or familiarity with the terrain is essential. 
These factors are not present in flight, and the science of avigation 
depends on radio equipment to supply artificially these signs and 
directions. The road is created for the pilot by using the radio 
range or beacon system. Even with a road to travel, confusion can 
exist unless there is a means for identifying the passing localities. 
Radio markers are indicated on maps used by pilots and are found 
with radio equipment. Further, by using a direction finder, a pilot 
can take his bearing and determine his location. This is a great 
aid in taking detours out of storm areas, checking progress toward 
the destination, or being able to return to the range (beacon) 
after leaving it for some reason. Radio equipment is also used 
to determine the height of the plane above ground and for land- 
ing under adverse conditions. 

Radio Beacon System. A loop antenna has highly directional 
characteristics. The radiation is in the form of figure eight, with 
each circular lobe extending in the opposite direction and in the 
direction of a line drawn through two opposite sides of the loop 
(see the figure). If two such loop antennas are placed very close 
together but at right angles, the field strength pattern illustrated 
results. In the line marked OX, single lobes of each loop antenna 
deliver equal signal. There are four such lines to any one radiating 
system of this type; lines OA, OB, and OC. If one loop antenna 
is connected to a transmitter which automatically sends letter A 

( in code), while the second antenna serves a transmitter which 

send out letter N ( in code), one or the other code letter will 

be heard if the plane is in the area predominantly under the in- 
fluence of one lobe only. The code letters A and N are synchro- 
nized, so that the dot of one letter fits into the space between the 
dot and dash of the letter from the second loop. The dash of each 
N occurs during the time the blank space is present at the end of 
one A and beginning of another A. And similarly, for the dash 
of each A. 

You can readily see that if a pilot is flying on the course (line 
OX) he will receive the letter A and N equally well, these will 
fit together, and no aural response will be received. But if the 
plane deviate from the beacon, either the letter A or the letter 
N will be heard, and this will tell the pilot in which direction he 
has moved off the range. The intensity of the aural signal sug- 
gests the distance off the beacon path. 

The radio beacon system in the United States operates on fre- 
quencies in the range from 200 to 400 KC. The stations are 
spaced at distances of about 200 miles. The A and N signals are 
sent for about 30 seconds, then there is an interruption followed 
by a code signal sent first from the N loop, then from the A loop. 
The code signal is used to identify the station being received. By 
referring to a map, the pilot knows what station is serving him 
and at what point to tune in the next beacon station in his line 
of travel. 
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Automatic Radio Direction Finder 

Direction Finders. The radio compass discussed in an earlier 
lesson can be made to serve as an aircraft direction finder. A di- 
rection finder of a similar type may be used with an automatic 
steering device to head the plane toward the location of a selected 
station, without attention from the pilot. 

The Sperry Gyroscope Co. has developed a radio direction finder 
designed specifically for the needs of air transport service. This 
automatic radio direction finder will function with the minimum of 
attention and incorporates a number of additional desirable fea- 
tures. This unit* will be described in this lesson. 


General Description and Purpose. The Sperry automatic 
direction finder supplies continuous and automatic non-ambiguous 
bearing indication and simultaneous headphone reception in the 
200 to 500 KC. and 550 to 1,500 KC. bands. Its visual indications 
are given on a horizontal dial, and bearings can be easily obtained. 



Figure 341. Dual control type, automatic direction 
finder installed aboard a transport plane. The dual 
control unit besides automatically supplying the direction 
of a radio station ahead in the path of travel, also per- 
mits the pilot and the co-pilot to determine their exact 
position by taking cross-bearing of two known radio 
stations. 

The equipment consists of a control and indicating unit, a sense 
antenna, receiver, and a streamlined housing in which is mounted 
a pair of loops. The bearings are indicated by a pointer moving 
over a 360° scale. This pointer is connected by a flexible shaft to 
the loop assembly which is fitted with a motor controlled by the 
receiver output. The action of the motor control circuits brings the 
loop to a null on the station to which the receiver is tuned, and 
this null position is continuously and automatically maintained. 
When precipitation static conditions are encountered, the sense 
antenna is disconnected and a second shielded loop substituted for 


The sense antenna shown in the draw- 
ing below permits the determination 
of a non-ambiguous direction. Loop 
antennas alone indicate the line of 
direction only. 





Courtesy Sperry Gyroscope Co. 

This drawing shows the inter-connec- 
tion and weights of the components 
which make up the automatic radio 
direction finder. 


*The contents of this lesson were taken from a booklet describing “The 
Sperry Automatic Radio Direction-Finder” issued by the Sperry Gyroscope 
Co., Inc. 
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CONTROL UNIT AND INDICATOR 


The wanted radio station must be 
tuned in manually. 


Refer to the drawing on the previous 
page. 


it by means of a switch. Automatic operation is provided as before, 
except that a line of bearing is given instead of the single-direction 
non-ambiguous bearing furnished with the sense antenna connected. 

Control Unit and Indicator. All the controls, indications and 
navigation scales of the equipment are combined in a single location. 
The azimuth indicating pointer on the control dial has a maximum 
speed of 30 degrees per second in turning to the desired stations, 
and comes to rest on the correct bearing without overshoot or hunt- 
ing. Flexible shafts carry the tuning drive from the control unit to 
the receiver and the pointer drive from the loop assembly to the 
control unit (see the arrangement drawing). The drive shaft from 
the loop to the pointer serves a dual function: in automatic direc- 
tion finder operation this shaft is driven by the loop-motor, but 
during manual aural-null tuning, the loop is rotated through this 
same shaft with the aid of the tuning cranks on the control unit. 


Figure 342. The control and 
indicating unit of a Sperry Gyro- 
scope Co. automatic radio direc- 
tion finder, single control type. 



The same receiver serves for audio re- 
ception. 


The motor driving the loops is auto- 
matically operated from a circuit con- 
trolled by the signal strength of the 
incoming signals. 

Volume 3 - Page 306 


In addition to this arrangement for manual orientation, the loop- 
motor switch provides a motor drive for rapid right or left rotation 
of the loop. 

Receiver and Power Supply. The radio receiver used with this 
direction finding equipment has been especially designed. Required 
sensitivity, selectivity,, and image rejection have been incorporated. 
The selectivity is such that bearings can be taken on range stations 
separated by only 3 KC., with audio fidelity adequate for intelligi- 
bility. This receiver and power supply are in one unit. The equip- 
ment is available for 12 or 24 volts D.C. operation — power at one 
of these voltages is usually available in commercial aircraft. 

Advantages of the Automatic Direction Finder. The direc- 
tion finder may replace the range receiver in many installations. 
Under these conditions, the auxiliary receiver would normally be 
used as a range receiver, with the automatic direction finder con- 
tinuously in use as a homing or drift indicator when tuned to the 
range station next ahead. 

The greatest advantage of the automatic direction finder, of 
course, lies in the fact that once tuned to a station it continues to 
indicate the direction of that station. On the other hand, the loop 
of a manually operated radio compass must be manually adjusted 
for the null position to take a bearing. The automatic radio direc- 
tion finder checks the cone of silence (area over the station being 
received) unmistakably, the pointer swinging around 180° and 
pointing in the opposite direction in the time it takes for the air- 
plane to cross the cone of silence. 
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Aircraft Altimeter 


The fact that a radio wave can be reflected just as light and 
sound waves, has been known for a long period of time and this 
phenomenon used, for example, to measure the height of the 
ionosphere. As early as 1922, the Navy had scientists studying the 
reflection of radio waves from tall buildings. Independent workers 
in 1930, using short wave transmitters, succeeded in obtaining 
noticeable reflection from an object as small as an airplane. In 
1932, Bell Laboratory engineers observed that a plane flying at 
1,500 feet produced a “flutter” of about 4 cycles per second in the 
indicating instruments. In the same year, under favorable circum- 
stances, Navy technicians were able to detect a plane at distances 
as great as 50 miles, but the results were not dependable. 



Courtesy i National Co. 


Figure 343. You will find sections of special elec- 
tronic equipment very similar to radio receivers. The 
illustration shows the R.F. and I.F. portion of a 
communication receiver. 

In 1938, Western Electric developed the absolute altimeter , an 
instrument which indicates the exact height of a flying plane above 
the ground directly below, and not the height above sea level. 

Absolute Altimeter. In its basic form, the absolute altimeter 
may consist of a short-wave transmitter and a. sensitive special re- 
ceiver. A special keying unit incorporated in the transmitter con- 
trols the operation and permits the sending of short pulses (a few 
microseconds in duration) several times per second. This pulse of 
radio energy is radiated from a directional antenna towards the 
ground below the plane. Although the receiving antenna is also 
facing the earth below and is separated from the transmitting an- 
tenna, a certain amount of energy of this transmitted pulse is im- 
pressed upon the receiver. The radio wave transmitted, upon strik- 
ing the earth, is reflected upwards and picked up by the receiving 
antenna. The receiver considers the time element involved in the 
passing of the wave from the airplane to the earth directly below 
and back to the plane. Since the speed of the radio wave is known 
(186,000 miles per second) and the time of passage is known, the 
distance traveled may be obtained. The height of the airplane is 
actually half this distance. This fact is easy to see if you will bear 
in mind that the time considered represents the passage of the radio 
wave from the airplane to the ground and back to the plane. 


A somewhat different principle is used 
in modern type altimeters, but this in- 
formation is of a secret nature at pres- 
ent. The description presented will give 
you the essential facts. 


The receiver evaluates this time differ- 
ence in terms of a voltage which is used 
to operate a meter calibrated in feet. 
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WIDE RANGE 
CRYSTAL FILTER 


WHAT MAKES A FINE RECEIVER? 


THE 

NATIONAL 

NC— 200 

COMMUNICATION 

RECEIVER 


MOVABLE COIL TUNING SYSTEM— 
In the NC-200 Communication Receiver, R.F. 
and Oscillator coils, together with their padding 
condensers, are completely inclosed in separate 
pockets in a heavy cast-aluminum shield. This 
shield moves bodily on a track, bringing the de- 
sired coils into operating position directly be- 
low the tubes and condenser, thus providing the 
shortest possible leads. Unused coils are re- 
moved out of the way. 


WIDE RANGE CRYSTAL FILTER— The 
wide range crystal filter of the NC-200 has se- 
lectivity adjustable in six steps, corresponding 
to total bandwidths from 200 cycles to 7,600 
cycles. The phasing circuit provides rejection 
ratios as high as 10,000 to 1, when the inter- 
fering signal is only a few hundred cycles from 
the desired signal. 


TEN CALIBRATED COIL RANGES— 
Six coil ranges provide continuous coverage 
from 490 KC. to 30 MC. The remaining ranges 
cover four amateur bands, each band being 
spread out over the major portion of the dial 
scale. 


PORTABLE OR A.C. OPERATION— The 
NC-200 has a complete AC-operated power 
supply built in. For emergency or portable use, 
all that is necessary is to plug in a battery cable 
in place of the dummy plug at the back of the 
receiver. This makes all necessary connections, 
and leaves the speaker and stand-by switch in 
operation. 


PORTABLE OR 
AC OPERATION 


MOVABLE COIL 
TUNING UNIT 






10 CALIBRATED 
COIL RANGES 


Volume 3 - Page 308 


Educational Advertisement 


Digitized by 


Gougle 


Original from 

UNIVERSITY OF WISCONSIN 



LESSON 35 


Metal Locators 


Types and Function of Metal Locators. All devices for 
locating underground ore deposits, hidden treasures, explosive 
mines, and buried metal objects, operate on the principle that the 
material to be found makes the earth under the surface non- 
homogeneous (not the same in every way). The most often used 
method employs a radio transmitter and receiver and is, of course, 
very much electronic in character. The other types of metal locators 
may employ associated electronic equipment also. 

The seismic method requires the setting up of a disturbance such 
as an explosion at some distance below the surface. With the aid 
of sensitive electronic amplifiers, the arrival of these disturbances at 
various points is recorded and this permits the determination of the 
location of the deposits under the earth’s surface. 

With the gravitational method, a sensitive pendulum is used. 
The magnetic method may be applied if the substances to be found 
contain iron, nickel, or other metals which possess magnetic proper- 
ties. In trying to locate oil, the variations in temperature under the 
earth’s surface may be used as the guide. The fact that certain 
substances are radioactive may be used as an aid in locating the 
deposits of such objects. 

Heterodyne Electronic Method. The equipment used for 
searching hidden metal objects must be portable. One must move 
about in the locality where the objects wanted may be located. The 
instrument used should indicate the relative closeness to the metal 
object and, thereby, lead the operator to the spot where the mine, 
streak of ore, or other metal deposit is hidden. 



You may be interested in using metal 
locators yourself, or can sell units of 
your own construction at a real profit to 
interested individuals in your locality. 


A large blueprint of an electronic metal 
locator of tested design can be pur- 
chased from the publisher of this course 
for $1.00, postpaid. You do not need 
this blueprint in your studies, but may 
want the construction information in 
case you want to build a good metal lo- 
cator which employs regular radio parts. 


Figure 344. Schematic diagram of a simple electronic metal locator. 
Similar but more modern battery tubes may be used instead of type 30 
tubes shown in this circuit. 


One relatively simple and easily operated metal locator may 
consist of two basic oscillators. These should be designed to produce 
oscillations of about the same frequency and incorporate and ad- 
justment in one for correcting the frequency setting. These oscilla- 
tors should be completely shielded from each other and the outside. 
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HOW THE UNIT OPERATES 


Refer to page 247, of Volume 2, where 
this method for producing audio fre- 
quencies is described. 


The adjustment for zero-beat is made 
by varying the frequency produced by 
one of the oscillators until it is exactly 
equal to the frequency of the second 
oscillator. 


Magnetic material in the field of a coil 
usually raises the inductance. Non-mag- 
netic metals placed near the coil will 
lower the initial inductance. 


See the formula on page 201, of Vol- 
ume 2. 


An excellent book which gives a com- 
plete explanation of these oscillators 
and presents several practical circuits is 
Ultra-High Frequency Techniques , by 
Brainerd, et al. 

Volume 3 - Page 310 


The oscillators may be identical, but one must have a large loop 
for its coil and this loop is not shielded. The circuits used provide 
a small amount of coupling between the two oscillators and the 
frequency difference of the two oscillators produces an audible beat 
in a pair of headphones connected to the equipment. If the oscilla- 
tors are adjusted to produce exactly the same frequency, zero-beat 
results (there is no frequency difference). The pitch (audio fre- 
quency) of the beat will be a measure of the frequency difference 
between the signals of the two oscillators. 

Let us assume that our oscillators with the required batteries are 
enclosed in a suitable portable case. The coil of one oscillator is in 
the form of a loop antenna. The units are adjusted for zero-beat. 
Under these conditions, no signal will be heard in the headphones 
or indicated in a sensitive A.C. meter which may be used instead. 
Now let us see what happens if a metal object is brought close to 
the loop. One oscillator is completely shielded (including its coil) 
and is not affected by the presence of additional metal outside of 
the shield. The second oscillator, however, has its loop-coil un- 
shielded and the metal changes the inductance of the coil. But the 
frequency of the second oscillator is a function of the inductance of 
the coil and the capacity of the preset adjustable condenser. A 
new and somewhat different frequency will now be produced by the 
second oscillator. This new frequency will beat with the signals of 
the first oscillator and an audio note will result. The frequency of 
the audio note will be equal to the difference of the two frequencies. 
The increase in pitch will suggest the closer approach to the hidden 
metal when this equipment is being used in practice. 

The higher the frequency employed for the oscillators, the greater 
will be the sensitivity of the device. At high frequencies a small 
value of L is used and even a tiny change in the value of L, will 
alter the frequency produced by a considerable amount. Frequen- 
cies from 10 to 20 megacycles are recommended. 

Ultra-High Frequency Parabolic Reflector Method. Radio 
waves of extremely high frequencies can be made to behave in a 
manner very similar to light. By placing the transmitting and re- 
ceiving dipole antennas in separate parabolic reflectors of proper 
dimensions, a beam of R.F. energy can be directed at the earth. If 
a metal substance or deposit is present not too far below the surface, 
a portion of the energy will be reflected and will be picked up by 
the receiving antenna. The R.F. energy received is rectified with a 
simple crystal or diode detector and produces a direct current which 
operates a sensitive meter. By using different frequencies and know- 
ing what metals form the best reflectors for any one frequency, it is 
possible to predict what metal probably is located under the earth 
being examined with this equipment. 

The oscillator should produce frequencies of at least 300 MC., 
but 1,000 MC. would be better in order to keep the parabolic re- 
flectors within reasonable size. Special triodes for high frequency 
work may be used to produce R.F. up to 500 MC. The Barkhausen- 
Kurtz oscillator is useful for producing ultra-high frequencies. This 
oscillator is operated with a negative voltage on the plate of a triode, 
and a positive voltage on the grid. The circuit is described in radio 
books of an engineering level. Of course, a magnatron or klystron 
oscillator may be used to generate extremely high frequencies. 
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Thyratron Tubes 


Comparison of a Thyratron to other Tubes. Essentially, a 
Thyratron* is a vacuum tube possessing a hot cathode as a source 
of electrons and is filled with some inert gas or mercury vapor. 
Very much like the high vacuum triode, it possesses a grid control 
element. However, because of the presence of the gas or vapor, the 
plate current, plate voltage characteristics are entirely different and 
are utilized for applications where the high-vacuum tubes would 
not do. 

In an ordinary vacuum tube, the plate current is limited at low 
plate voltages by the presence of the space charge. Once the plate 
voltage is raised to remove the influence of the space charge, the 
plate current will vary with the voltage until the current will be 
limited by the emission. 

In the thyratron, the action of the plate current is entirely dif- 
ferent and is due primarily to the formation of positive ions from 
neutral gas atoms. These ions are very heavy by comparison to 
electrons (thousands of times heavier) and do not move rapidly. 
However, the presence of these ions permits the flow of large elec- 
tron currents by altering the space potential. 

In a high vacuum tube, electrons travel in a continuous path 
from cathode to the plate. In a gas filled tube, however, the aver- 
age length of an uninterrupted path is very much shortened by 
the continued collision of electrons with gas molecules. These col- 
lisions result in the creation of positive ions and additional free 
electrons. The positive ions so formed raise the space potential 
and, thereby, permit more electrons to escape from the cathode. If 
the rate of ion generation is large, the voltage change is negligible 
in the space between the anode and cathode, except in the region 
near the cathode and the anode themselves. These regions adjacent 
to the two elements of the tube are subject to large potential change 
and are called the sheaths , and the region of little change is called 
the plasma. 

Such a two electrode gas filled tube finds application as a recti- 
fier of relative high current capacity and possesses a small constant 
voltage drop. The commercial mercury vapor tubes and mercury 
rectifiers of the radio type such as the 83, are examples. 

Action of the Thyratron. In the thyratron, as mentioned 
previously, a third element, the grid, is incorporated as a means of 
control. The starting of the current flow between the cathode and 
the plate of a gas filled tube depends on the formation of positive 
ions in the interelectrode space. The rate of this ion formation to 
form the plasma is dependent on the geometrical construction of 
the electrodes and the applied positive plate voltage. In a two- 
element gas-filled tube, the anode (plate) current is started by 
making the anode voltage sufficiently positive to form the plasma. 

# The Thyratron is a trade name of General Electric Company through 
whose courtesy much of this information has been obtained. 


Basically, a thyratron is a gas-filled 
triode. 


Refer to the beginning of Lesson 9, in 
Volume 1, in case this is not clear to 
you. 

When an atom looses one or more elec- 
trons, it becomes a positive ion. 



Current variations with increasing pint* potential 
in high vacuum and gas filled tubas. Up to 
point A current is limited by space-charge, after 
point I by limited emission. After a voltage cor- 
responding to C, the current of a gas filled tube 
is almost constant. 


Thyratron tubes are made in various 
sizes and in special shapes for different 
applications. 
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HOW THE THYRATRON WORKS 


In a vacuum tube, the control grid ele- 
ment controls the plate current at all 
times, except beyond cut off and past 
saturation. 


The value of the grid voltage which will 
just prevent the starting of the arc de- 
pends on the plate voltage and the con- 
struction of the particular thyratron. 


Make a few more curves of his type for 
other relationships between the grid and 
plate voltages. 


In the thyratron, the grid may be used to prevent the formation of 
the plasma and, thereby, the starting of the current. A grid poten- 
tial of a few volts may prevent the starting of an arc in a thyratron 
with the plate at a thousand volt potential in respect to the cathode. 
A change past a certain value of the grid voltage will cause the 
arc to start. 

Once the current flow is started, however, the grid has no fur- 
ther effect on the current. It can neither limit the current, nor stop 
it in practical application. In practice, the grid is used either to 
start or prevent the starting of the discharge. The current may be 
stopped by sufficiently lowering the plate voltage. 

In alternating current application of the thyratron, the current 
can only flow during the positive half of the cycle and, thereby, is 
interrupted as many times as the frequency of the supply voltage. 
Each interruption serves to restore to the grid its ability to stop the 
current flow. For example, if the grid should become algebraicly 
less than its trigger control value during the positive half of the 
cycle of the plate voltage, the current would continue to pass 
through the thyratron during the remaining period of this positive 
lobe of the cycle. On the appearance of the next positive lobe, how- 
ever, the plasma would not be able to form because of the new 
value assumed by the grid, and no current would flow. 

The trigger point has been used in the sense as the minimum 
value of the grid voltage that will prevent the starting of the arc. 
An increase in the positive direction of the grid voltage will allow 
the formation of the plasma if sufficient anode voltage is present. 



Figure 345. The above graphs show the 
relationship between the supply and grid 
voltages, and the plate current, for two dif- 
ferent conditions of operation of a thyratron 
tube. 
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The average output from a thyratron may be varied by making 
the grid pass its trigger point during some period of the positive 
plate voltage cycle other than the very beginning. By operating 
the grid with alternating current voltage of the same frequency as 
the plate supply voltage and proper magnitude, the power output 
may be varied from the maximum to zero by changing the phase 
difference between grid and plate voltages. The figure illustrates 
this procedure for two different phases. 

Thyratron tubes may be used as inverters of D.C. to A.C. with- 
out any mechanical moving parts and with little loss of voltage. 
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Motor Control 

Purpose and Application. With the aid of electronic equip- 
ment it is possible to adjust, keep constant, automatically vary or 
control the speed of electric motors. Let us consider a single appli- 
cation of each of these requirements. The speed of certain D.C. 
and A.C. motors may be easily varied .with the aid of electronic 
equipment. But because the same effects (perhaps not to the same 
fine degree) can be accomplished by simpler mechanical means, 
electronic devices are more often used to keep motors running at 
a constant speed although variation in the supply voltage and load 
may occur. A fan or pump may require constant speed rotation. 
Several motors employed in sections of paper-machine drives, con- 
tinuous rod and strip mills, or galvanizing machines must be syn- 
chronized to rotate at exactly the same speed, and electronic 
equipment using electron tubes is adaptable for this purpose. In 
rolling up wire, fabric, or rope, the speed of the wind-up reel must 
be reduced as the material forms away from the center at a faster 
rate because of greater diameter. The motors used to raise an 
elevator car may be started and accelerated at the fastest rate in 
keeping with the comfort of the passengers when electronic control 
is incorporated. Further, such automatic control may be used to 
level the car in line with the floor by stopping the motors at the 
proper instant. 

How the Motors are Controlled. Although in certain con- 
trolled applications, the motors need only be started and stopped by 
the associated electronic equipment, in majority of installations the 
speed of the motors must be varied or controlled in a required man- 
ner. For most applications, the voltage for the field of the motor 
or the voltage for the field and armature are supplied by thyratron 
tubes and this voltage is, therefore, easily controlled. Various 
arrangements of thyratron tubes may be employed, but in all cases 
the changing of the phase angle (time relationship) between the 
grid and plate voltage will permit the control of the current through 
the tubes from full on to practically zero. The required phase- 
shift may be obtained with the aid of a resistance-reactance bridge 
which permits the phase relation of the grid voltage to be varied 
with respect to the anode voltage. 

How the Phase-Shift is Controlled. To obtain the needed 
control either the resistance or the reactance of the bridge must be 
varied at a rate to give the required results. Mechanical means 
may be employed to couple back to the bridge some mechanical 
motion which is due to the incorrect operation requiring correction. 
This motion is used to bring about the needed change in the resis- 
tance-reactance ratio of the bridge. A movable-core reactor or a 
carbon-pile rheostat could be used in such a way. A supplementary 
small generator could be driven from the motor, and the voltage 
generated used to unbalance the bridge in the required manner. 

The action of the phase-shifting network can be supplemented 
with an adjustable bias voltage which will also exercise control by 


You probably experienced this effect in 
winding string on a spool or rolling a 
snowball. 

You may realize that photo-cells or in- 
ductively-coupled circuits are employed 
to register the actual position of the ele- 
vator car at the moment, but the motors 
used to lift the car must be controlled 
electronically to accomplish this objec- 
tive. 


These thyratrons, in turn, must be con- 
trolled electronically from the “adjust- 
ment” to be achieved. 
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CIRCUITS EMPLOYED 


The addition of a non-magnetic metal 
material in the vicinity of the coil low- 
ers the inductance. 


The bridge may be made up of two ca- 
pacity reactances and two resistive mem- 
bers. Notice the different symbols em- 
ployed for capacity, and rectangular 
symbols for resistance. 


changing the effect of the network. This bias voltage may be of a 
variable type and can be easily controlled by one or more receiving 
type vacuum tubes. These tubes in turn can be controlled by some 
mechanical motion of the system. For example, plate current can 
be changed by using the tube in an oscillator circuit and detuning 
the circuit by means of a moving metal shield near the coil (induc- 
tance) of the oscillator. Or perhaps a photo-cell can be used. 



Reproduced through the courtesy of General Electric Co. 

atid reprinted from “ Automotive Industries 

Figure 346. Illustration of a basic circuit for controlling 
the speed of dynamometers used in research work and tests. 
The current supplied to the component marked DYN FIELD 
is easily controlled as shown, and can be applied to other 
equipment. 


Refer to the drawing on this page in 
reading this text. 
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How the Thyratron Phase-Shift Circuit Operates. One 
method for adjusting the resulting current is by changing the grid 
bias with the aid of a phase-shifting bridge and a controllable 
D.C. voltage, as shown in the above figure. In part (B) of the 
figure, the phase-shifting bridge displaces the grid voltage wave 
about 90 electrical degrees, causing the tube to fire somewhat later 
in the half-cycle, with a resulting lower current in output. The 
circuit shown under (C) has a negative D.C. voltage in the grid 
circuit, which offsets the A.C. grid voltage wave by the amount 
of the D.C. voltage without changing the phase relationship of the 
grid voltage to the plate voltage. The grid voltage curve crosses 
the critical firing line toward the end of the cycle and, conse- 
quently, only a small current passes. Similarly, as shown in part 
(D), a positive voltage is applied, the grid bias voltage curve crosses 
the firing voltage line early in the half-cycle, and the current is 
maximum. 
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Power Rectification 


Tubes Employed. In connection with our studies of radio power 
supplies, we have learned about vacuum tube rectifiers of small size 
(up to about 50 watts D.C.). The usual electronic tube used for 
rectification is a diode. A cathode of this tube supplies electrons 
which are attracted toward the anode when the latter is positive 
with respect to the cathode. The cathode element may be the 
actual filament, a heater type of cathode, a pool of mercury, or 
even a cold cathode.* 

In some rectifier tubes a gas at low pressure is introduced. Argon, 
neon, or helium may be used, but usually the partial atmosphere 
is supplied by mercury vapor secured from a few drops of mercury 
in the envelope which vaporizes when the cathode heats up. As 
already explained on page 309, in a tube which contains gas the 
space charge, which is the factor that limits the plate current in a 
vacuum type tube, is neutralized by the positive ions. These posi- 
tive ions are present in a mercury rectifier and are produced by the 
collisions between the electrons and mercury atoms. This action 
results in a low voltage drop in the tube — about 15 volts in mer- 
cury tubes. Further, gaseous rectifiers produce a low voltage drop 
which is practically independent of the current taken from the tube. 

Gaseous rectifiers may be made to carry very high currents since 
the voltage drop and the related power dissipation within the tube 
are relatively low. Where very high current is to be rectified, special 
tubes such as General Electric water-cooled ignitrons are used. 
Basically, an ignitron rectifier consists of a pool of mercury placed 
in an evacuated vessel, a resistive material such as silicon carbide 
or boron carbide dipping into the mercury, a closely located anode, 
and associated auxiliary components. By passing current from the 
resistive material to the mercury pool, an arc is forced. At a definite 
value of voltage and current, a spark occurs at this junction and 
produces a cathode spot. If the anode is positive at this time, con- 
duction will take place. The advantage lies in the resulting high 
emission, high overload capacity, and the control feature which 
permits the starting of the action during the required instant of the 
positive half of each cycle. 

Requirements and Applications. For many industrial require- 
ments D.C. is needed. Alternating current is easier to generate and 
is more economical to transmit over long distances. In practice, 
A.C. is generated at medium voltages, stepped up with transformers 
to very high voltages which are transmitted over power lines, and 
these voltages are stepped down at the destination. With very high 
voltages, to obtain a given amount of power very low current is 
needed. Since the size of the conductor used depends on current 
(and not voltage), a great deal of copper is saved in high tension 
wires. D.C. cannot be stepped up at all, and considerable power 
loss occurs when D.C. is reduced in voltage. 

( Continued on page 318) 

•Rectifier tube, type OZ4, is of the cold cathode type. 


The student must realize that extensive 
application is made of electron tubes 
for power rectification and that this is 
an important branch of electronics. 


Gases which do not react easily with 
other substances are used. 


Compare the characteristics of radio 
rectifier tubes 83 (mercury vapor) and 
83V which is similar but of a vacuum 
type. Use the charts of Lesson 9. Do 
your findings agree with the text ex- 
planation? 



Courtesy General Electric Co. 
Figure 347. A cross section view of a sealed* 
ignitron tube, giving the names of parts. 
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LESSON 39 


Electronic controls are used extensively 
in connection with resistance welding 
equipment. The principles involved can 
be easily understood by a radio tech- 
nician. 


See the chart on the next page. 



Courtesy General Electric Co. 


Figure 348. A battery of A.C. spot-welding 
machines used in aircraft work. The high 
voltage control panels are placed on the 
balcony. 


Notice the many advantages of electronic 
controls. 
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Welding Controls* 

Basic Facts About Welding. The development of controls for 
resistance welding machines was one of the earliest achievements 
of electronic engineers in the industrial field. Resistance welding 
is one of a number of methods of fusing metals together. Others 
are brazing and soldering, arc welding, torch welding, and hot forg- 
ing. Resistance welding consists of applying pressure by means of 
copper alloy electrodes to two or more pieces of metal and then 
heating the adjoining surfaces of the work to the fusion or melting 
temperature by allowing electric current of a definite magnitude to 
pass through the pieces for a definite length of time. When the 
current flow is stopped, with pressure still maintained, the melted 
metal “freezes,” binding the pieces together as a single unit. 

Although there are many forms of resistance welding, such as 
spot welding, projection welding, pulsation welding, and seam 
welding, the basic method in all cases is the same. The nature of 
the weld depends upon such factors as electrode pressure, size and 
shape; type, thickness, and surface condition of metal to be welded; 
time of current flow, and the magnitude of this current. The last 
two factors can be controlled electronically, while the others are 
subject to mechanical control. There are at the present time two 
basic methods of obtaining the necessary welding current. These 
are the A.C. and the stored-energy methods. 

A.C. Resistance Welding. The actual welding current required 
to melt or fuse two pieces together depends upon the type of metal 
being welded and its thickness. When welding high-resistance 
metals such as stainless steel of thin gauge, only a few thousand 
amperes arc required. When low-resistance materials such as 
aluminum alloys are welded, 20,000 to 60,000 amperes are required. 

The simplest and oldest method of obtaining this current is by 
means of a step-down transformer (welding transformer), the 
primary of which is connected through an interrupting device to the 
plant electric power distribution system operating at 220, 440, or 
550 volts. Even though a step-down transformer is used, the pri- 
mary current may still be several thousand amperes. Prior to the 
introduction of electronic control, mechanical devices were used to 
make and break this current. 

The problem of mechanically making and breaking such a cur- 
rent from 50 to 1,200 times per minute without excessive main- 
tenance is a real task. For uniform results, the welding circuit must 
be closed consistently not only for a definite length of time but 
also, to obtain consistent values of welding current, at a definite 
point on the A.C. voltage wave. Electronic control assists materi- 
ally in obtaining consistent results because it is without inertia and 
friction and can control precisely the start and finish of welding 
current. In addition, since electronic control has no moving parts 
or arcing contacts, maintenance time and expense are much less. 

•Material of this lesson is reprinted from parts of an article by G. W. 
Garman, with the permission of the General Electric Company. 
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SEQUENCE OF SPOT-WELDING MACHINE 


I. SQUEEZE TIME.* This is the in- 
terval between the application of pres- 
sure and weldins current. When the 
welder initiating switch is closed, the 
squeeze-timer and the. electrically op 
erated valve are simultaneously ener- 
gized. The delay before initiating the 
weld time is to allow the electrodes to 
exert full pressure on the work before 
current flow starts. 



3. HOLD TIME. This is the interval 
during which the electrodes are held on 
the work after completion of the weld 
time. This allows the weld to freeze, or 
harden, under pressure, and, because of 
the cooling effect of the water-cooled 
electrode, minimizes surface oxidation. 



Metal freezes 


2. WELD TIME. For spot welding, 
this is the mterval during which current 
•s allowed to Row through the work. 
For pulsation welding, the weld interval 
is that, interval during which current is 
intermittently applied to the welder 
Each current-flow interval is called 
heat time.t Each interval during which 
no current flows (during the weld 
interval) is termed cool time. 



Current, flows 


4. OFF TIME. This is the interval 
during which the electrically operated 
valve or pressure mechanism is not 
energized. This off time is, therefore, 
the delay after the hold time, before the 
sequence is repeated. The off-time 
timer provides the . automatic-repeat 
feature, when the operator keeps the 
initiating switch closed. Panels that 
include the off time also .include a 
switch to permit selection of automatic, 
repeat and non-repeat operation. 



Electrodes open 


* When a two-stage foot switch is used, only the electrically 
operated valve will be energized by closing the first u eld-initiat- 
ing contact. If the second contact is then closed, the normal 
sequence will be carried out. If the first initiating contact is 


opened without closing the second contact, the electrically 
operated valve will be de-energized. 

t When a sequence timer is used with synchronous electronic 
controls, the weld (or heltj time is determined by the control 
not by the timer. 


Early Electronic Controls. With the general adoption of 
electronic control some 12 years ago, the only tubes available which 
were economically justified were the hot-cathode thyratrons. These 
had limited ratings up to 12/ 2 amperes but could be operated with 
as high as 6,600 volts. With many applications requiring control 
of several hundred amperes, the logical procedure was to use a 
so-called “series transformer.” The primary, or low-voltage wind- 
ing of this transformer was connected in series with the primary 
of the welding transformer. When the thyratrons connected across 
the high-voltage winding were allowed to pass current, the trans- 
former was effectively short circuited, allowing substantially full 
voltage to be impressed on the primary of the welding transformer. 
With the thyratrons shut off or prevented from passing current, the 
impedance of the primary winding was sufficient to allow only a 
small voltage to be impressed on the welding transformer. Even 
though this equipment was relatively expensive and bulky, and was 
limited to the control of a welding load of about 350 kilowatts 
maximum with a single pair of tubes, it was used extensively, par- 
ticularly for seam welding of gasoline tanks, refrigerators, and 
similar products. 

It was, however, this type of control combined with an elec- 
tronic timing circuit that demonstrated the full advantages of con- 
trolling welding current precisely and proved that a resistance 
welding machine with the proper type of control was a precision 
machine tool. 

Icnitron Tube Controls. With the development of the sealed- 
off water-cooled ignitron tube, the limitation of price and size of 
electronic control was removed. In addition, while the previous 
control using a single pair of tubes was limited to 350 kilowatts, 
the water-cooled tubes could control for short periods of time ap- 
proximately 2,000 kilowatts. Furthermore, even without the pre- 
cise timing and control feature, two of these tubes could be con- 


The above chart is published through 
the courtesy of General Electric Co. 


Make a drawing of this welding control 
circuit. 


We have studied about these tubes in 
the previous lesson. 
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CONTROL ADJUSTMENT 


nected as a single-pole electronic switch or contactor. Such a 
contactor had the advantages of long life, low maintenance, and 
silent operation. Prior to the war, hundreds of these contactors 
were installed in the automobile industry. A survey indicated they 
were adapted particularly for high-speed or heavy-welding current 
applications. 



Courtesy ” Radio News” Magazine 
Figure 349. A view of 200 kilowatt seam-welding machine 
and a 75 kilowatt welding press. 


The trend is toward the incorporation of 
the timing control, circuit breakers, se- 
quence controls, and other apparatus in 
the welding machine. This saves floor 
space and simplifies servicing. 


Simplification of the Adjustments. Prior to the introduction 
of electronic control, welding current was adjusted by the use of 
taps on the welding transformer. The necessary tap switches were 
bulky and, unless an excessive number of taps were used, the steps 
of adjustment were relatively coarse. Since with electronic control 
it is possible to control the starting of each half-cycle of current, the 
phase-shifting method of heat control was developed. With this 
method, a small potentiometer is used for adjustment of the cur- 
rent indirectly and can be quickly and easily controlled with a fine- 
ness of adjustment that cannot be obtained with any other prac- 
tical method. 


( Continued from page 315.) 


An electric locomotive, using D.C. ob- 
tained with the aid of ignitron tubes, is 
shown leaving a mine tunnel. 



Figure 350. Electric- 
ally powered locomotives 
are usually D.C. operated, 
and the unit illustrated is 
used in mines. With the 
aid of power rectification 
equipment, the more eco- 
nomically supplied A.C. 
can be converted to the 
required direct current. 
Courtesy General Electric Co. 


Volume 3 


Page 318 


For electro-plating, variable-speed motors, and other require- 
ments, D.C. is essential. Power may be delivered in A.C. form, at 
high (economical) voltages, and stepped down and rectified at the 
locality where D.C. is needed. Ignitron tubes may be used for this 
purpose. Ignitrons are also used in welding equipment where the 
welding time must be accurately controlled. 
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Voltage Regulator Tubes 

Purpose and Construction. Automatic ballast-regulating tubes 
are intended to keep the current in a circuit at a definite value. 
Units of the Am per it e make are made in various sizes and are de- 
signed for this purpose. A certain voltage drop occurs in the re- 
sistance element of the ballast tube. Should the supply voltage 
increase, the ballast tube will automatically increase its resistance, 
thereby taking up the additional voltage and keeping the voltage 
on the load at a constant value. A typical installation may consist 
of a 12.6 volt tube connected to a source of voltage which has con- 
siderable variation. As shown in the graph, for extreme variations 
of 50% in the supply voltage, the voltage delivered to the tube 
remains within 2% of the rated value. 



Figure 351. The voltage fluctuations of a battery-charger 
system can be eliminated and a constant value of voltage 
delivered with the aid of an Amperite ballast tube. 


The Amperite ballast tube consists of an iron wire hermetically 
sealed inside of the bulb which contains hydrogen or helium. These 
gases have high heat constructivity. The wire employed has a 
high temperature coefficient and this causes large variations in 
the apparent resistance, for relatively small changes of current 
passing through the wire. This action is further helped by the 
very rapid cooling of the gas used which flattens or extends the 
regulating characteristics. 

Application. Automatic ballast tubes may be compared to a 
tungsten lamp which also has characteristics that tend to keep the 
current constant. These tubes are constant current devices and are, 
therefore, used to regulate a constant load; i.e., one having fixed 
wattage consumption. 


Tubes of this type are also used in 
special bridge oscillators to keep the 
frequency variation to a very low figure. 


This graph shows the action of a typical 
Amperite . Suitable ballast-regulating 
tubes are available for controlling volt- 
ages in any other range. 


An increase in the supply voltages will 
tend to increase the current. The slight- 
est increase in current will cause the 
wire to heat up to a larger extent and, 
thereby, increase its resistance. This 
action will limit the current and pro- 
duce a larger voltage drop in the wire of 
the tube. 
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BALLAST TUBE APPLICATIONS 


This graph shows the value of current 
through the ballast tube when different 
voltages are applied to the terminals. 
The current in a D.C. circuit is equal to 
E/R. If E changes and the resulting 
current must remain almost constant, 
the R (equivalent resistance of the bal- 
last tube) must change in step with the 
voltage. 


Tubes for other voltages behave in a 
similar manner. 


The voltage across an argon or neon 
bulb remains the same when the bulb is 
connected in series with a resistor across 
a variable voltage source. This action is 
combined with an Amperite ballast tube 
to produce an output voltage with less 
than 2% variation while the input line 
voltage varies as much as 62%. 
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Figure 352. Characteristic curves of a typical Amperite 
ballast tube showing the effect in keeping the current constant 
with variation in the input voltage. 


Notice the behavior of an Amperite ballast tube, as indicated in 
the graph. The current supplied tends to remain at a constant value 
although the voltage for the particular tube covered by the graph, 
may increase from 10 to 30 volts. Very good regulation can be 
obtained by using an Amperite bulb and a neon lamp. 

In applications where the load varies, electronic regulators in- 
volving more complex circuits are required. 



Figure 353. Very close regulation is possible by combining 
an Amperite ballast tube and a gas-filled tube in a suitable 
circuit. 


Review Questions and Problems. 1. Name several applica- 
tions of voltage regulator tubes. Describe a constant voltage require- 
ment where a tube of this type would not be applicable. 

2. Explain the function of the circuit where a ballast tube and a 
neon bulb are used. 
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Uses of X'rays in Industry and Medicine 

Nature and Properties of X-rays. The historical discovery 
and early experiments with X-rays are of little interest to the prac- 
tical technician. It is sufficient to say that in 1895, Roentgen, 
while studying electrical discharges in a diode gas-filled tube, 
observed that certain chemicals glowed even when this diode tube 
was completely enclosed in black paper. Later studies indicated 
that the radiation given off by this tube affected photographic film 
and would penetrate flesh, wood, and thin pieces of metal. The 
early tubes used a cold (not heated) cathode and a high positive 
potential was placed on the anode. The radiation, in these early 
tubes came from the glass walls, but later a metal target was added. 
In 1913, Coolidge introduced a hot cathode resulting in much 
greater efficiency. 

X-rays are produced when high velocity electrons traveling in 
the tube are stopped upon striking a solid object. The wavelengths 
produced depend upon the velocity of the electrons which strike 
the target. The intensity depends upon the number of electrons 
that strike tjie target. To produce higher intensity the voltage 
used must be increased and this also causes the electrons to acquire 
higher velocity; i. e., produce shorter wavelength radiation. 

To measure very short wavelengths, a unit known as the 
Angstrom is used. One Angstrom unit represents a very short dis- 
tance, being equal to 1/100,000,000 centimeter,* or 10' 8 cm. The 
way the energy is distributed among the possible wavelengths 
depends on the characteristics of the substance hit. The value of 
the shortest wavelength produced is a function of the applied 
voltage. For example, this shortest wavelength for 100 kilovolts 
corresponds to .12 Angstrom units, .04 units for 300 kv., and .02 
for 600 kv. 

The intensity of the rays is reduced as they proceed away from 
the source. This reduction in intensity follows the inverse-square 
law. This means that a group of X-rays which have spread out 
to one square unit at a unit distance from the source, will spread 
out to four square units at two units distance, and to nine square 
units at three units distance. The intensity is also reduced by the 
absorption in any materials in the path of the X-rays. 

X-ray Generators. An X-ray tube requires a filament voltage 
and a plate potential. If A.C. is applied to the anode, the X-ray 
tube serves as the rectifier, but better efficiency can be obtained 
if a separate rectifier is employed. A typical circuit is illustrated. 

Industrial Applications. The use of X-rays in industry for 
checking welds and inspecting castings is not new. Modern high 
voltage machines are compact and are designed for easy portability 
and simplicity of operation. X-rays reveal such faults as blow 

*100 centimeters equal one meter. From this you can calculate that 10 10 
Amgstrom units equal one meter. 


The discovery of X-rays was accidental. 


The velocity of the electrons is a func- 
tion of the anode voltage. 



Dr airing courtesy of 
General Electric X-ray Corp. 

Figure 354. A diagram of a simple 
type of X-ray generator showing the 
connection of the essential components. 
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APPLICATIONS TO CRYSTALS 



Figure 355. An X-ray photograph 
of a bag of peanuts showing foreign 
metal parts which should be removed. 
X-rays are used for inspection of ma- 
terials which may be enclosed in con- 
tainers. 


holes, tears, shrinkage cavities, inclusions, and internal cracks — 
faults often present in metal parts and not detectable by any other 
means except by the actual failure of the part in service. Parts 
made of various steels, ferrous alloys, and aluminum may be in- 
spected with the aid of X-rays. 

Units employing up to a million volt supplies are used for the 
inspection of large metal pieces and for applications where the 
surfaces of the objects to be examined are irregular and sharp 
pictures (for radiographic inspection) are required. X-ray equip- 
ment employing tubes of lower operating voltages find extensive 
application for other inspection jobs. X-rays have been used to 
determine the quality of oranges, the nature of the contents of 
a sealed bag, the uniformity of the copper conductor inside the 
rubber and cloth insulation, the fit of metal parts, and for many 
other unusual applications. 



Figure 356. The 
illustration shows the 
use of a large machine 
of General Electric 
make being employed 
to detect possible im- 
perfections and inter- 
nal cracks in a large 
casting. 


In certain Army transmitters crystals of 
great accuracy are required. The speed- 
ing up of crystal manufacture with the 
aid of X-rays helped manufacturers meet 
the increasing demand. 
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A crystal cut from quartz has a temperature coefficient which 
depends on the orientation (relative position) with respect to the 
crystallographic axes of the quartz. Certain type of cuts have 
minimum frequency variation with temperature and are required 
for many uses. An X-ray diffraction instrument is available which 
will measure directly the error in the angle of cut of a trial crystal 
wafer. Without taking the time to finish the trial wafer, the 
orientation of the mother quartz on the saw table could be cor- 
rected for the error found. The blanks cut after this simple 
adjustment would be of the required type. This test would re- 
quire a few minutes as compared to the old tests which called for 
complete grinding of the test crystal and checking of the results. 

X-rays are used also for analysis of the chemical properties of 
various substances. Qualitatively the use of X-rays indicates the 
presence or absence of elements. The atoms of various elements 
form different patterns on a photographic plate and each element 
has its characteristic X-ray spectrum. 

Applications in Medicine. X-rays are used for diagnosis and 
for therapeutic treatment. The diagnostic units are designed for 
easy movement of the table, the tube housing, and the screen. 
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APPLICATIONS TO MEDICINE 



A unit made by General Electric X-ray 
Corp . is illustrated. Other X-ray genera- 
tors, usually operated at higher voltages, 
are used for therapy. 


Figure 357. X-rays are used in medicine for diagnosis and for treatment. 


Usually the same unit may be employed for radiographic (picture) 
and fluoroscopic (visual) diagnosis. The therapy units arc oper- 
ated at higher voltages and, in practice, adjusted to deliver the 
beam of X-rays to a small section of the body. X-rays have been 
used for treatment of certain mental cases and for physical ail- 
ments. 

For skin treatment, rays produced with 135 to 300 kilovolts are 
employed. A filter consisting of a thin sheet of aluminum (several 
millimeters thick) is placed between the source of the rays and 
the patient. A still thinner filter of copper may be used instead. 
Such a filter absorbs a great deal of the low frequency radiation 
that otherwise would be absorbed by the skin. 

In an X-ray therapy unit of the General Electric make, a light 
and a reflector are incorporated in the housing, and the light beam 
produced is adjusted to coincide with the invisible X-ray beam. 
This permits correct placement of the equipment to give needed 
results. 

The film used in connection with X-ray equipment is placed 
in a light-tight cassette (special box-like container) which has a 
front plate of thin bakelite or aluminum. Intensifying screens 
are placed inside the cassette, on both sides of the film and in close 
contact with it. These screens are coated with chemicals which 
produce light when the X-rays strike them. Although the actual 
X-rays do have a small effect on the photographic film or plate, 
the main action on the film is due to these light radiations. 

Servicing Suggestions. The usual X-ray equipment in use in 
doctors’ offices, hospitals, and industrial plants, are bulky affairs, 
but the circuits are relatively simple. The circuit of the unit is 
supplied by some manufacturers. In a few cases, you may have 
to trace out the entire circuit. The tests should be made with an 
ohmmeter while the equipment is turned “off.” Extremely high 
voltages are present with the equipment in operation. If you wish 
to make a trial test, place the equipment back in place, connect 
all safety features included in the circuit, and operate the equip- 
ment in the usual manner. 


You understand, of course, that X-rays 
are not visible. 


Remember that the circuits are simple 
and the voltages are high. 
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Ultra High 


Frequencies Concepts 


Frequencies above 100 megacycles are 
becoming more important daily. These 
high frequencies are used and are es- 
pecially well adapted for television 
transmission, frequency modulation, 
and radar. 


In conducting electical energy some 
loss is always present. The same ar- 
rangement may produce different losses 
for various frequencies. 


Make sketches of these explanations. 
They will help you to grasp these ideas. 


Electron transit time is not considered 
in dealing with audio and low radio fre- 
quencies. 


A triode oscillator must provide some 
gain in order to function. More energy 
must he delivered to the plate circuit 
than is used up by the grid circuit. 
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Behavior of Ultra High Frequencies. The notion that elec- 
tric current flows in a conductor must be dismissed in dealing with 
extremely high frequencies. Due to skin effect which has been 
explained earlier, the current at high frequencies has a tendency 
to travel on the surface of the conductor. At frequencies, in the 
order of one billion cycles, the current flows almost entirely on 
the surface. Since the surface serves only to conduct and guide 
the current and the associated energy, then the conductors are 
only boundaries. The actual energy is stored and exists in the 
associated electro-magnetic fields. 

Energy at ultra high frequencies can be conducted with the 
least loss through rectangular or cylindrical wave guides where 
the metal w'alls serve simply as boundaries. Further, such boundary 
cavities can be made to serve as resonators taking the place of the 
conventional inductance-capacitance circuits which are used for 
lower radio frequencies. The similarity between such a cavity 
resonator, perhaps in the shape of a cylindrical can, and the more 
familiar L-C tank circuit can be grasped in this manner. An 
inductance of a very low value may consist of one turn. A small 
capacity may be made from two small plates. Consider small 
sections (minute elements) of the wire loop serving as these plates. 
The single loop making up this inductance has many small con- 
densers which exist between each pair of small sections of all 
parts of the loop. We can place many loops above each other 
and connect them together at all points. The total resulting 
inductance will be somewhat reduced, the capacity effects in- 
creased. The resulting cylindrical can formed from these loops 
will serve as the L-C circuit. 

Limitations of a Triode as an Oscillator. In studying the 
action of electrons in vacuum tubes, we assumed that the movement 
was instantaneous. The instant the control grid changed its 
potential due to the exciting signal, the plate current (i.e. the 
number of electrons reaching the plate) correspondingly changed. 
This is essentially true for audio and the lower radio frequencies. 
At extremely high radio frequencies, however, the time required 
for the electrons to traverse Ihe space from the cathode to the 
plate must be taken into account. At ultra high frequencies, the 
control grid may have several changes of potential during the 
time an electron takes to complete its journey to the plate. In a 
triode used as an oscillator for very high frequencies (say about 
150. MG.), a group of the free electrons will move through the 
space trying to follow the effects of the potential assumed by the 
control grid, but being called back before reaching the plate. At 
somewhat higher frequencies, so few electrons will reach the plate 
that no oscillation can be obtained. Close spacing of the ele- 
ments in special high frequency tubes permits the handling of 
frequencies up to 600 MG., but at reduced power level. 

( Continued on page 332) 
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Electron Microscope 

Need for Higher Magnifying Power. In the 17th century, 
lenses were arranged to serve as the first microscope. The science of 
medicine was revolutionized when it was discovered that many dis- 
eases were caused by bacteria which could be seen under the micro- 
scope but whose existence has not been suspected previously. As 
the regular type of microscope became more generally used, it be- 
came apparent that there were many things too small to be seen 
even with the finest instruments. We now know that this limitation 
is not due to the lack of skill on the part of the designer but to the 
very nature of light. Resolving power is a technical word for the 
power of being able to discriminate between two very small objects 
which are close together. Besides other technical factors, resolving 
power depends on the wavelength of the light used for observation. 
Since ultra-violet light is of a smaller wavelength than visible light, 
it has been used for photographic specimens not to be seen with 
ordinary visible light. Under the most favorable conditions, the dis- 
crimination of objects separated by less than 0.1 micron (a micron 
is about 1/25,000 of an inch) is not possible. This corresponds to 
magnification of about 3,000 diameters. 

The seriousness of this limitation was evident to the bacteriologist 
who realized that many tiny and unseen particles were the cause 
of many ailments. In the industrial fields, certain limitations on the 
study of colloids and finely divided particles were also present. The 
use of X-rays permitted the photographing of somewhat smaller ob- 
jects, but the need was for visual observations of objects requiring 
direct magnification of 10,000 to 30,000 diameters. Such magnifica- 
tion was made possible with the electron microscope and photo- 
graphic enlargements can be used to increase the magnification to 
a total of 200,000 times life-size. 

Electron Optics. There is a close analogy in the behavior of 
light and electrons. The main similarity, of importance to us, lies 
in the action of lenses on light as compared to electric fields influ- 
encing the motion of electron streams. Electron optics are used in 
all cathode ray tubes to fashion a pencil of electrons from the wide 
stream emitted from the cathode gun. The science of electron 
optics has made possible the electron microscope. In an electron 
microscope we are able to make highly magnified images with such 
an electron optical system by combining two or more electronic 
“lenses.” The great advantage of such a microscope lies in the fact 
that we are no longer limited by the wavelength of visible light. 
Under the application of 100,000 volts, the wavelength action of an 
electron is only 1/1 00,000th of the wavelength of visible light. The 
present instruments have permitted examination of such tiny par- 
ticles as the tobacco mosaic virus which is rod-shaped and is about 
1/1 00,000th an inch long. 

Description of the RCA Electron Microscope.* A high 
power electron microscope for observation by transmission is con- 

*This description is reprinted in part from “Electron Microscope,” a book- 
let issued by RCA Manufacturing Co., Inc. 


The electron microscope is an outstand- 
ing achievement in the field of electron- 
ics. The operating principles of the 
electron microscope are similar to some 
of the functions of a cathode ray tube 
described in Lesson 19. 



Simplified drawing showing the con- 
struction of the electron microscope. 
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MAGNIFICATION OBTAINED 



k 


Figure 359. A complete view of an RCA 
electron microscope in application. Notice the 
six observation windows. 


These windows are visible in the photo- 
graph above. 
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structed with the same types of essential elements as a light micro- 
scope. Light microscopes consist of a light source (often separate 
from the microscope, but built into one unit on modern instru- 
ments) ; a condenser lens which concentrates the light beam on the 
specimen; a stage, with an adjusting motion; and an eyepiece for 
visual observation or a projection- lens for recording on a photo- 
graphic plate. A similar nomenclature is used to define the different 
elements of an electron microscope, the only difference being that 
every light element is replaced by a corresponding electronic ele- 
ment. Thus the light source becomes an electron source; and lenses 
become suitably shaped fields. Elements like the stage appear quite 
different because of the necessity for operating in vacuum. This is 
easy to understand since electrons can travel without hindrance only 
in a vacuum and their paths are altered by any material object and, 
therefore, the usual glass slides of light microscopes cannot be used. 



Courtesy of RCA 

Figure 358. An electron “photograph” 
or micrograph of zinc oxide smoke mag- 
nified about 22,000 diameters. 


Its manipulation differs somewhat from that of a light microscope. 
In the light microscope we have a fixed optical system which can be 
moved up and down, and focusing is done by changing the position 
of the specimen with respect to the lenses. In the electron micro- 
scope, we have constant distances and the lens power is varied. This 
can be done because the lenses arc created, in the case of magnetic 
optics, by a current flowing through a coil. 

The RCA electron microscope is a very compact, self-contained 
instrument. The electron source is operated at voltages between 
30,000 and 60,000, and, to provide ample protection of the oper- 
ator from the high voltage and X-rays, is enclosed in a lead encased 
upper hood. The electron beam coming from this source is concen- 
trated on the specimen by the field produced in the condenser lens 
coil. The specimen, which is supported on a very thin nitrocellu- 
lose membrane suspended across the opening of a fine mesh screen, 
is clamped in the tip of a cartridge very close to the second field lens 
produced in the objective coil. A plate which supports the speci- 
men cartridge constitutes the movable stage. The specimen motion 
is transmitted to this plate from the exterior of the evacuated sys- 
tem by means of fine screws and metal flexible bellows. The elec- 
trons, after passing through the specimen, are focused by the object 
lens coil into an intermediate image and the projection lens coil 
produces a further magnified image on the large fluorescent screen 
in the final viewing chamber. Six observation windows, which are 
placed to allow binocular vision for careful observation, enable a 
number of spectators to view the image simultaneously. After a 
selected field of view is focused, and the magnification adjusted to 
the desired value, a photographic record may be made by merely 
removing the fluorescent screen and allowing the electron image to 
strike a photographic plate, which is carried in a holder in the 
vacuum, immediately below the screen. 
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LESSON 44 


Electric Strain Gages* 


Purpose and Function. The usual electric strain gage is fund- 
amentally an A.C. bridge circuit in which one or more impedance 
branches are acted upon by the quantity to be measured. The cali- 
brated amount of bridge unbalance is indicated on an instrument 
which may be remotely installed at any convenient location. Elec- 
tronic tubes are used to amplify the sensitivity of the equipment and 
to stabilize input voltage. 

With some exceptions, reactance-type gage elements serve as the 
active bridge members. Whenever their application is possible, gage 
elements of this type are preferred over elements of other types 
because of their relatively low inherent impedance, large useful 
range, good stability, and immunity to electrostatic and magnetic 
interference effects. 


A bridge circuit consists of four reactive 
or resistance arms of suitable values to 
produce zero voltage across an indicating 
device. Usually, one or more arms of the 
bridge may be adjusted to produce the 
needed balance. The impedance of one 
arm is varied under stress and, in this 
manner, the variation produces a voltage 
change. 



The indicating instrument may be cali- 
brated in suitable units — pounds of pres- 
sure in this case. 


Courtesy General Electric Co. 

Figure 360. A view of an electronic gage em- 
ployed for indicating the pressure between the elec- 
trodes of a welding machine. This gage will indi- 
cate forces applied to the pressure pads up to 4,500 
lbs., with each small division representing 10 lbs. 


Design and Sensitivity. In its simplest form an active electro- 
magnetic impedance element consists, for example, of a U-shaped 
iron yoke and an iron armature placed near the open ends of the 
U, leaving small air gaps. A coil is placed on the iron yoke and 
is connected in the A.C. bridge circuit. It is evident that when the 
air gap between the iron yoke and the armature decreases, the re- 
actance of the coil increases. In this case, the bridge output is a 
function of the armature displacement and may therefore be cali- 
brated in terms of this displacement. 

An arrangement of this type may be made exceedingly sensitive, 
depending on the initial air-gap setting. Assuming, for example, 
that the initial air-gap setting is 0.002 in., closing the gap by 0.001 


See the figure oil the next page. 


•This lesson is reprinted from an article by H. P. Kuehni of the General 
Electric Co. whose permission was obtained for this purpose. 
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GAGE APPLICATIONS 


The meter calibration changes somewhat 
for different temperatures. 


in. will produce approximately a 100 per cent reactance change and 
a correspondingly large bridge circuit output. While the sensi- 
tivity may be increased much further by simply reducing the initial 
air gap, practical limits are reached because of temperature expan- 
sions of the gage members and of the parts to be gaged. In gen- 
eral, reliable readings of one hpndred-thousandth inch are obtain- 
able; and under carefully controlled conditions armature displace- 
ments as small as one millionth inch may be read. 


00001 - 2 . 5 " 
0 . 00001-0 25 " 




Courtesy General Electric Co. 

Figure 362. Schematic representations of 
electric gage circuit applications. (A) one of a 
variety of electric gage bridge circuits. (B) a 
representation of the fundamental frequency 
employed and its modulation by variations in 
the quantity being measured. (A) and (C) to 
(H) are representations of several different 
applications of the electric gage; (A) com- 
parator; (C) strain; (D) acceleration; (E) 
thickness; (F) pressure; (G) displacement; 
(H) weight. 
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Courtesy " Radio News” Magazine 
Figure 361. A bending roll machine equipped with elec- 
tromagnetic strain gage as shown within the circle. The equip- 
ment is adjusted to give an alarm when the machine is over- 
loaded. 


Types and Application. In the foregoing example, a reactance 
change was obtained by varying the air gap in a magnetic circuit. 
As far as the bridge circuit is concerned, it is immaterial how the 
coil reactance or impedance change comes about. For example, an 
impedance change may also be obtained by placing in the air gap, 
which is made large in this case, a sheet of conducting material. 

In the figure are shown schematically some representative appli- 
cations of the electromagnetic gage principle. In this illustration 
is shown how the principle is applied to comparator, thickness (air- 
gap and eddy-current types), displacement, pressure, strain, accel- 
eration, and weight gages. 

When the quantity to be gaged varies, the alternating output volt- 
age from the bridge circuit also varies accordingly. The funda- 
mental bridge frequency, however, is retained except that it is mod- 
ulated corresponding to the frequency of the variations. Slow 
variations can be followed by an indicating instrument, but more 
rapid variations require the use of a fast-responding recorder or an 
oscillograph. In order to reproduce the variations faithfully, there 
must be available a sufficient number of loops of the fundamental 
frequency for their reproduction. In general, it may be said that 
the frequency applied to the bridge circuit should be at least four 
times as high as the frequency of the variations which are to be 
recorded. Thus, with a bridge excitation of 60 cycles per second, 
good reproductions may be obtained of variations up to 15 cycles; 
and with a bridge excitation of 2,000 cycles, variations up to 500 
cycles may be recorded. 

In another type gage used for the measurement of strain, re- 
sistance elements are often used. These elements are cemented on 
the test members and the resistance of these elements changes 
slightly (a fraction of one per cent) under strain. 
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Film 'Thickness Gage 

Purpose and Application. A film-thickness gage will measure 
the thickness of vitreous enamel, lacquer, other similar non- 
magnetic coatings, and silver or copper plating on steel or iron 
base. Since the exploring element is only held in contact with 
the surface, no injury results to the coating. The gage may be 
used also for measuring the thickness of glass, paper, mica, zinc, 
tin, or other non-magnetic materials which are placed or coated 
on steel or iron. The measurements may be made on all types 
of surfaces provided the base is .007 of an inch or more in thick- 
ness and is of magnetic material. Extreme curvature of the sur- 
face to be tested is to be avoided. Correction charts are supplied 
for making measurements on high-carbon steel, alloy steel con- 
taining nickel or chromium, very thin sheets, or highly irregular 
and extremely curved surfaces. 




Courtesy General Electric Cc. 

and Ford Motor Co. 

Figure 363. Measuring thickness of lacquer 
on an automobile body. 


Courtesy General Electric Co. 

Figure 364. Film-thickness gage com- 
plete with probe. 

Circuit and Operation. The operation of this gage is based 
also on the principle of the Wheatstone bridge as shown in the fig- 
ure in the margin. Two arms of the bridge are formed by the iron 
core reactors. These are balanced against each other to balance 
the bridge. One of these reactors is incorporated in the case of the 
gage, while the second reactor is inclosed in the exploring probe. 
Adjustment is carried out for zero thickness with the aid of the 
potentiometer while the probe is held directly against a bare mag- 
netic material. The magnetic circuit of the reactor in the probe 
is completed through the magnetic material used as the base. Since 
the greater part of the reluctance (opposition to magnetic field) 
of this magnetic circuit is produced by the air gap or the non-mag- 
netic material that separates the gage head or probe from the steel 
or iron, the indicating meter shows directly the thickness of the 
non-magnetic material. 

The indicating unit is readily adjusted by placing a thickness 
standard between the gage head and a sheet of steel or iron, which 
should be of the same grade and thickness as the metal over which 
the non-magnetic material is placed or coated. The potentiometer 
controlled by the knob on the front panel is adjusted until the in- 
strument needle indicates the same thickness as that of the stand- 
ard that is being used. 



The basic circuit of the General Electric 
film-thickness gage. 
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LESSON 46 


In a recent magazine article, Mr. H. S. 
Kartsher, of the Brush Development 
Co., defines surface irregularities in the 
following manner: 

ROUGHNESS, created by the removal 
of metal from the surface by produc- 
tion methods such as turning, grinding, 
or lapping. 

WAVE, is caused by chatter, non-rigid- 
ity of the machining elements, grinding 
wheel feed, or diamond marks. 
TRUTH, is the degree of flatness in flat 
work or roundness in round work. It 
is the geometric quality of the surface, 
larger than the first two qualities de- 
scribed. 

FLAWS, may be. caused by handling, 
scratches from stray grains, etc. 
PATTERN (also called lay), is an in- 
dication of the type of operation per- 
formed. A circumferential pattern is 
produced by the ordinary grinding 
operation. 

APPEARANCE, takes up the matter of 
polish, reflectivity, and sand blasting. 
The analyzer described in this lesson is 
used primarily for inspection of rough- 
ness as defined above. 
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Surface Analyzer 

Irregularity of Metal Surfaces. Metal surfaces may be 
finished to various degrees of smoothness and the irregularities 
present may be of different types. Surface irregularities in the 
form of waves or bumps are present in machined surfaces. These 
usually have wavelengths that are shorter than ^ of an inch, and 
have peak-to-valley amplitudes in excess of one millionth of an 
inch (1 micro-inch). In order to meet rigid specifications and 
to quickly inspect metal surfaces in production, an electronic 
surface analyzer is employed. This unit employs an analyzer head, 
a calibrated amplifier, and a direct inking oscillograph which makes 
a permanent record. 

Description of the Analyzer Head. The analyzer head con- 
sists principally of a calibrated crystal type pickup unit housed 
in a projecting arm, and the drive unit with its stand. The drive 
unit contains a 110 volt, 60 cycle A.C. synchronous motor which 
operates a cylindrical cam. This cam imparts a straight line recip- 
rocating (up and back) motion to the pickup arm, about .060 inch 
long in each direction. This motion is accomplished at a uniform 
velocity and one complete cycle requires ten seconds. 



Courtesy The Brush Development Co. 

Figure 365. The units which make up a complete surface analyzer. The 
analyzer head is in the center, with the direct inking recorder at the left 
and the amplifier at the right. 

The pickup arm is pivoted in conical bearings located in the 
drive unit. This arm is provided with a diamond tracer point hav- 
ing a spherical radius of .0005 inch, which can be used to measure 
the minute depth irregularities in metals as described above. This 
point is positioned by a spring and can be adjusted to give a 
pressure of .05 grams or less. (One pound equals about 454 
grams.) 

( Continued on page 364) 


Digitized by 


Google 


Original from 

UNIVERSITY OF WISCONSIN 


LESSON 47 


Facsimile Equipment 

Purpose and Results Obtained. The technique of transmit- 
ting printed material, drawings, and photographs by means of radio 
equipment, and to have this material reproduced directly on white 
paper is the method of facsimile. In order to transmit a view of 
a printed page or a picture, the object to be transmitted must be 
sub-divided into elementary areas by the scanning apparatus. This 
work can be carried out with the aid of a photo-cell and after 
suitable amplification the dots making up the object to be trans- 
mitted may be employed to modulate the carrier of a radio station. 

At the receiving station, a suitable facsimile receiver may have 
its own radio apparatus or may be used in conjunction with a 
regular broadcast receiver. White paper comes off a roll at a fixed 
and synchronized speed and, in some units, carbon paper rides just 
above this white paper. For each dot to be formed, a single 
point of contact is established by the raised line of the helix on the 
surface of the roller and the movable bar above the paper and 
roller, see figure. The pressure is proportional to the tone of the 
corresponding element of the original material being transmitted. 
With proper synchronization, a complete document, copy of a 
telegram, a military map, or an entire newspaper (in condensed 
form) could be transmitted over a period of night hours. 

Scanning Equipment at the Transmitter. A unit of the most 
modem design will be described. The scanning equipment is 
housed in a metal cabinet and is complete in every detail. The 
operating power may be obtained from a regular power line and 
the output from the unit may be fed to a broadcast station by 
making a connection to a telephone line. The material to be trans- 
mitted is mounted on the subject-drum which rotates 75 r.p.m. 
being driven by a synchronous 60 cycle motor through a set of 
gears. 

The incorporation of a clutch between the motor and the drum 
carrying the copy permits the changing of the copy without losing 
the relative frame position. The motor continues to run during 
this loading operation and a commutator on the spindle shaft sup- 
plies an artificial frame-line signal which is transmitted at the 
required intervals and keeps the recorders (at the receiving stations) 
in step. 

During transmission the scanning head, which contains the 
optical system and the photo-cell and is mounted behind the subject 
drum, traverses slowly down the length of the copy. It is driven 
by a lead screw and suitable gearing from a separate motor and 
its rate of progress is such that 125 scanning lines are drawn per 
inch of drum length. 

Facsimile Broadcast Receiver. Since there are always several 
facsimile recorders to every transmitter, even in experiment work, 
and there will be thousands, or even millions of facsimile recorder- 
receivers in the near future when facsimile broadcast transmission 
will be enlarged, you are primarily interested in such receivers. 


Although facsimile equipment has 
found extensive use in military applica- 
tion and for news transmission, the big 
future lies in the use of this equipment 
in the homes for receiving directly 
printed newspapers. 



Courtesy of RCA 

Figure 366. A view of the subject-drum and 
scanning apparatus of a facsimile unit. 


Refer to the illustration above. 
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FACSIMILE RECORDER 



Courtesy of RCA 

Figure 367. Inside view of the facsimile 
recorder. Ordinarily, the cover protects this 

machinery and the printed paper comes out 
through the slot in the cabinet. 



U-H-F OSCILLATORS 


The present day commercial facsimile receivers are complete self- 
contained machines. They include the needed radio receiver, time 
switch, and the facsimile unit; thus they require only the connec- 
tion to an antenna and a source of power. While it is possible to 
use a regular good-quality broadcast radio for the receiver, certain 
advantages are offered by the separate receiver. According to the 
latest plans, the schedules arc to be sent out over regular broad- 
cast stations between midnight and six in the morning, a period 
when most radio channels arc idle. The recorders are to be turned 
on and off by the time switch at the proper hours. If a regular 
radio is to be used, it has to be adjusted for the right station and 
connected to the time switch before the owner retires. This is too 
much to expect from an average person with many things to tax 
his memory. Also, a special radio chassis designed for facsimile 
reception can be made more efficient for the purpose on hand. 

The facsimile recording machine is mounted in the upper section 
of the cabinet. The recording drum with the raised helical ridge 
on its surface rides below the white and carbon papers. The carbon 
paper is wound up after use on the core at the top; the white 
paper is fed out from the front of the cabinet by a cylinder like 
a typewriter roll. The printer bar is movable and presses against 
the carbon paper to leave an impression on the white paper. The 
motion of the printer bar is controlled by two electromagnetic 
drivers. 

Whenever a signal for black is received, the printing bar pinches 
the carbon paper against the white at the point where its edge 
intersects the single turn raised helix; and, because of the rotation, 
this intersection point repeatedly scans across the page right in step 
with the traverse of the light spot across the original at the scanner. 
With complete synchronization, the dots will organize themselves 
into a facsimile of the original subject. 


( Continued from page 324) 

Klystron Oscillator. A klystron is a velocity-modulated tube 
which may be used for generating or amplifying extremely high 
frequencies, as high as 3,000 MC. A suitable emitter is incorpo- 
rated in a vacuum tube made up of two cavity resonators. Posi- 
tive potential is used to impart high velocity to the electrons. The 
action of the tube produces bunching of some electrons and, 
thereby, delivers energy to the second cavity resonator known as 
the catcher. Oscillations may be produced by feeding back some 
of this energy to the first cavity which creates the bunching action. 
Coaxial cable is used to conduct this energy back to the huncher 
and to the external radiator. 


Magnetron oscillators are used for 
generating ultra -high frequencies, 
needed in Radar work. 
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Magnetron Oscillator. The usual magnetron tube has a 
center filament and a cylindrical split-anode. Under ordinary con- 
ditions with a positive voltage applied to the anode (plate), the 
electrons emitted by the cathode-filament travel to the plate. The 
presence of a strong magnetic field at right angle to the normal 
path of electrons can be used to influence this path. Electrons 
can be made to describe half loops or travel in circles between 
the filament and anode. The electrical constants can be adjusted 
so that the time taken for the electrons to move from the cathode 
toward the anode and back is equal to the period of oscillations 
of the external ultra high frequency oscillatory circuit. In this 
manner, energy will be added to the oscillatory circuit at the right 
moments to sustain oscillation. 
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CORRELATION OF TUBE 
TYPES FOR SUBSTITUTION 


This correlation of Sylvania tube types is made available as a guide for simplifying 
tube substitution. In order to make the selection for substitution as large as possible 
two reference columns are given for each listed type — tubes having '’Equivalent” 
characteristics and tubes having "Similar” characteristics. 

EQUIVALENT TYPES — tubes listed as "Equivalent” are those which have electrical 
characteristics and circuit applications equivalent to the listed types. 

SIMILAR TYPES — tubes listed as "Similar” are those which have electrical char- 
acteristics and circuit applications similar to the listed types. 

It is not implied that tubes listed as "Equivalents” are interchangeable, however, 
many of them are directly interchangeable or interchangeable by a slight change in 
circuit constants. Such tubes are marked with an asterisk (*), Types not marked with 
an asterisk in the "Equivalent” column may be made interchangeable by changing the 
socket or filament rating. 

The "Similar” tubes are not interchangeable unless marked with an asterisk, but as 
the circuit applications and characteristics are similar these types can be made to func- 
tion as substitutes, thus giving a wide selection of tube types from which to choose. 

When making any substitution changes it will be necessary to refer to the opera- 
ting characteristics and basing diagrams shown in the Sylvania Technical Manual or 
Characteristic Sheet so that full benefit of the changes will be realized and no tube 
will be used in such a way that it will be abused. 

In some cases realignment of tuned circuits may be necessary, particularly where 
capacitances differ. Also external shielding may be required, especially when replac- 
ing metal tubes with glass types. 


This chart is a war time expedient to be consulted when exact replacements are not available 


Type 

Style 

Service 

Characteristics 
Equivalent To 

Characteristic! 
Similar To 

Type 

Style 

Service 

Characteristics 
Equivalent To 

Characteristics 
Similar To 

0A4G 

G 

Rectifier 



1B4P5 

Glau 

R*F Amplifier 

1E5GP 

32 

0Z4 

Metal 

Rectifier 

0Z4G* 

6X5GT/G 

1B5 25S 

Glau 


1H6G 


0Z4G 

G 

Rectifier 

0Z4* 

6X5GT/G 

1B7G5 

G 

Pentagrid Converter 

1B7GT/G* 

1C6, 1C7G 

01 A § 

Gian 

Amplifier 


30 


KUBI 


1B7GT/G* 

1C6, 1C7G 

1A4P 

Glut 


1 A4T* 

1D5GP 


■S ■ 


1B7G*,1B7GT* 


1 A4T 

Glass 


1A4P* 


1C5G5 

G 

Power Output Amp. 

1C5GT G* 

1 A5GT/G, 1G! 

1 A 5 G i 

GT 

Power Amplifier 

1A5GT/G* 

1C5GT./G1G5G 

1C5GT6 

GT 

Power Amplifier 

1C5GTG* 

1 A5GT/G, 1G! 

1A5GTI 

GT 

Power Amplifier 

1A3GT/G* 


1C5GT/G 

GT 

Power Amplifier 

1C5GMC5GT* 

1A5GT/G.1G! 


GT 

Power Amplifier 

1A5GMA3GT* 

1C5GT/G.1G5G 

1C6 

Glau 

Pentagrid Converter 

1C7G 



GUti 

Pentagrid Converter 

1 D7G 

1C6 

1C7G 

G 

Pentagrid Converter 

1C6 



G 



1C7G. 1D7G, 
1A6 

1D5GP 

G 

R-F Amplifier 

KL!Ljmmmi 

1N5GT/G. 34 

1A7GT* 

GT 

PenUgrld Converter 

1A7GT/G* 

1 A6, 1C7G, 
1D7G 

1D5GT 

G 

igramrrM 


34 

1 D7G § 

G 

Pentagrid Converter 

1A6 

1A7GT/G, ICt 
1C7G 

1A7GT/G 

GT 


1A7GMA7GT* 
Irr* 

1A6,1C7G, 

1D7G 

1D8GT 

GT 

Diode Trl. Pent. 

1 LB4 and 1 LH4 
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Characteristics 
Equivalent To 


Characteristics 
Similar To 



24A.24S4 


85A6( 


85 A6G I 


85A6GT6 


85A6GT/G 


25A7G5 


85A7GT I 


85A7GT/G 


25AC5GJ 


85AC5GT5 


85AC5GT/G 


25L6 5 


S5L6G 5 


25L6GT 5 


85L6GT/G 


85Z6G S 


85Z6GTI 


85Z6GT/G 


27, 27S5 


311 



Panloda AmpllAar 


Trloda Hai. Con. 


Twin Trloda 


Lock-In IPentagrld Converter 


Pantoda Ampllfiar 


Ractiflar 


R-F Pantoda 


Powar Output Amp. 


Powar Output Amp. 


Powar Output Amp. 


R-F Ampllfiar 


R-F Ampllfiar 


Powar Output Amp. 


Powar Output Amp. 


Pantoda Ampllfiar 


I Pantoda Ampllfiar 


Ractiflar A Ampllfiar 


Pantoda-Ractlfiar 


Pantoda-Ractifiar 


Powar Trloda 


Powar Trloda 


Powar Trloda 


Powar Ampllfiar 


Powar Output Amp. 


Pantoda Trloda 


Powar Ampllfiar 


• 'j 1 


Powar Ampllfiar 


Powar Ampllfiar 







Ampllfiar 


Ampllfiar 


Ampllfiar 


Tatroda, Ractiflar 


Glass Powar Output Amp. 


R-F Ampllfiar 


R-F Ampllfiar 


R-F Ampllfiar 


Powar Ampllfiar 


Powar Ampllfiar 


Powar Ampllfiar 


Powar Ampllfiar 



Glass Trloda Ampllfiar 




1 

G 

□a 

Power Output Pant 

2 A 5 6F6G 

6F6 


Ractlficr 


Ractiflar I35Z5G* 35Z5GT* 


Powar Output TH 


Powar Output Amp 


Powar Output Pant. 


Powar Output Tat. 


Powar Output Tat. 


Powar Output TH. 


Powar Ampllfiar 


Powar Amplifier 


Powar Ampllfiar 




50Y6GT G* 


50Y6GT/G* 


50Y6G* 

50y6<oT* 


25C6G 


25L6GT G 
35L6GT/G 


35Y4 


35Y4 


35Y4 


Ractiflar 


Powar Output Amp. 


Duodloda Trloda 
Trloda Amplifier 
_ Triode Amplifier 
R-F Ampllfiar 



Powar Output Amp. 


Ract. Pantoda 


Tetrode, Ractllar 


Powar Output Trl. 


Duodloda Trioda 


Trloda Ampllfiar 


R-F Amplifier 


R-F Amplifier 


Powar Output Amp. 


Rectifier 



6X5GT/G 


6V7G, 55 / 



117L7/M7GT* 


117L7/M7GT* 


Rectifier 


Ractiflar 


Duodloda Trloda 


igsrrirrgifirrai 


Trioda Amplifier 


Trioda Ampllfiar 


Power Output Amp. 


Tetrode, Rectifier 


Tatroda, Rectifier 


Tatroda, Rectifier 


Tatroda, Rectifier 


Ract. Pentode 


Ractiflar 


Rectifier 


Ractiflar 


Trloda Ampllfiar 


Glass Non-mlc. Amplifier 1 223, 6C6 


G Non-mlc. Amplifier 1 221 , 6C6 



6R7GT/G 


6R7GT/G, SS 


X99, 30/ 


V99, 20, 30/ 


183/483*, 71 A 


1 82B/482B*,71 A 


32L7GT, 70L7GT 




Gas Tatroda 


Twin Trloda 


Lock-In 

Lock-In 



SYMBOLS] * — Indicates direct Intercbanteablllty. In some < 
/—Equivalent Characteristics except for filament rating. 


i realignment of tuned circuits may be necessary particularly where capacitances differ. 

t — Characteristics same as listed type except capacitances. f — Types no 
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LESSON 48 


Recording Equipment 


Units Employed to Make up a Recording System. All mod- 
ern recording systems include a suitable turn-table, recording head 
and arm, playback pickup, amplifier, and associated microphone 
and loudspeaker. Any of the sources of input discussed in connec- 
tion with public address systems may be used with the recording 
amplifier. The output of the amplifier (about 5 to 10 watt size) is 
connected to the recording head. Many of the recording heads 
use a crystal element and are of the high impedance type. All of 
the older models and many modern units are of the magnetic type 
and these heads have various impedances. Very often, magnetic 
recording heads are supplied with an impedance of 4, or 8, or 
perhaps 500 ohms. Recording heads, as voice coils, must be prop- 
erly matched to the audio amplifier output impedance and, further, 
must not carry any D.C. 

The turn-table motor must be strong enough to keep constant 
speed while turning a disc which is being cut. This motor must 
also turn a feed-screw mechanism having its gears engaged to move 
the recording head and the recording needle upon the disc in regu- 
larly spaced grooves. Rim-drive is used in most modern units, but 
constant speed electric motors are also directly coupled to the shaft 
of the revolving disc drive. 

The play-back pickups are of the standard types described in con- 
nection with record players. Crystal types predominate. 

Principles of Recording. The entire process of recording is 
based on a few simple principles of electrical, acoustical, and mc- 


A volume level indicator is essential for 
best results. 


The recording head is used to convert 
audio frequency electrical energy to 
corresponding mechanical energy which 
causes the cutting needle to move from 
side to side at the audio rate. 


Constant speed is needed to assure 
faithful reproduction when the record 
is rotated at the same speed for play- 
back purposes. 


MICROPHONE 



CUTTING HEAD 


The recording process. 



Observe what equipment is used for 
recording and also for play-back pur- 
poses. 



The play-back arrangement. Phono motor is at left. 


Figure 368. A picture illustration of the equipment involved in making 
records and for play-back purposes. Usually, this equipment is placed in 
a single cabinet and is connected for easy switch over to the play-back 
function. 
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HOW RECORDINGS ARE MADE 


For example, a radio receiver may be 
used to deliver sound in electrical form. 


The discs have paper, aluminum, steel, 
or glass base material with a coating of 
a plastic compound. 


Follow this explanation by referring to 
the illustration on the previous page. 


An automatic record changer permits 
the playing of several records in a se- 
lected order. 


SERVICE NOTES 


RECORD PLAYERS 
AUTOMATIC CHANGERS 
VIRELE6S UNITS 
AND HOME RECORDERS 



A complete manual of 
service notes on record- 
ers, record players, and 
automatic changers, 
may be obtained from 
the publishers or your 
book dealer for $1.50. 
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chanical sciences. Briefly, the sound, be it conversation, music, or 
singing, is delivered in electrical form or changed from sound energy 
to electrical energy. A crystal microphone is most often used for 
this purpose. The resulting electrical audio frequency energy is 
amplified by a suitable amplifier and the power is delivered to the 
cutting head. 

As the disc upon which the record is to be made revolves, the 
cutting head cuts a groove and, at the same time, the needle of the 
cutter moves from side to side responding to the electrical equiva- 
lent of the original sound characteristics. In this manner, a record 
of the sound is made on the disc. 

The entire process may be summarized briefly in terms of the 
stages through which the sound passes. First, the microphone 
changes the acoustical energy of the sound to electrical energy. 
This weak electrical energy' is fed into the amplifier provided where 
it is increased to an intensity needed to operate the recording head. 
The recording head then changes this electrical energy to mechan- 
ical energy which is utilized to cut the disc. 

In order to reproduce the recorded sound, the process is simply 
reversed. A pickup arm is used to convert the recorded sound back 
to electrical energy. This electrical signal, in turn, is fed to the 
input of the same (or different) amplifier. The pickup serves as the 
source of input to the amplifier, while a loudspeaker is connected 
to the output of the amplifier and changes the increased electrical 
energy back to sound. This process is also illustrated. 



Courtesy Presto Recording Corp. 
Figure 369. An illustration of a dual type turn-table used for continuous 
professional recording. 


Home Recorders. Usually, a home recorder is a combination 
radio receiver, record player (at times with an automatic changer), 
and a recorder. The inclusion of a microphone also permits the use 
of the equipment as a small public address system. When in use as 
a radio set, the change-over switch on most models disconnects the 
microphone pre-amplifier, recording head, and phono pickup. For 
recording, the R.F. and I.F. sections are made inoperative and the 
mike pre-amplifier is connected to the audio input stage. The 
speaker (for this purpose) is disconnected, or silenced, or operated 
at reduced volume, and the recording head is connected to the out- 
put. A visual indicator, such as a meter, tuning eye, or neon tube, 
helps in adjusting for the correct volume level. For off the air 
recording, the R.F. section is left in operation to receive the wanted 
program while the mike channel is shut off. 

For playback of the home made discs or any other records, we 
have another position of the change-over switch. Now, the pickup 
is connected to the audio input and the loudspeaker to the output. 
The R.F. and I.F. sections of the receiver are not used. 
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Inter'Communicators 

Purpose and Application. Inter-communicators permit direct 
conversation between two or more remote points and employ audio 
amplifiers which use electronic tubes. Extensive use is made of 
inter-communicators on bombers and naval vessels. Here, quick 
direct two-point conversation permits exchange of vital information 
at an instants notice. In offices and factories, inter-communication 
systems supplement the telephone, reduce the burden at the switch- 
board, and eliminate delays and errors caused by the telephone 
operator. On a moments notice, the manager can ask the shipping 
clerk about a certain order, a Mr. Brown can be paged anywhere 
in the building, or the president and the manager can have a pri- 
vate conference with the aid of an inter-communication system. 

Basic Inter-Communication Principles. When someone, per- 
haps 20 years ago, placed the loudspeaker some distance away from 
the audio amplifier and microphone, the first inter-communicator 
was born. The loudspeaker could be located in a room different 
from the one containing the amplifier and mike. By using a second 
system and placing the equipment in reverse to the first system, a 
two way conversation could be carried on. If both systems were 
left in the operating position, a loud howl would develop because 
of the electro-acoustic feedback. Means, therefore, were provided 
for breaking the circuit of each system at some point. The indi- 
viduals using the equipment controlled these switches as the con- 
versation shifted up and back between the two points. 

The realization that a magnetic or a P.M. speaker could serve 
as a microphone for voice frequencies made a great change in the 
design of inter-communicators. Assume you have a simple audio 
amplifier (see the schematic) incorporating a suitable input trans- 
former to match the P.M. voice coil impedance to the grid and 
another transformer in the output to match the 50L6 tube to the 

.Ml nr 



Figure 370. A schematic diagram of a master station showing the method 
for connecting one sub-station to the unit. 


Present day inter-communicators em- 
ploy wires for connecting the outlying 
stations. It is possible, of course, to use 
radio transmission between stations, and 
one such system was popular some years 
back. 


The volume level of the sound produced 
by any one speaker, should he controlla- 
ble at that location. 


Analyze the action of this circuit in de- 
tail. Study the effects of changing the 
position of the talk-listen switch. 
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TYPES OF SYSTEMS 


An ordinary loudspeaker does not 
make a good microphone , but by using 
special units good results can be ob- 
tained with voice frequencies. 



Diagrammatical illustration which 
shows bow a single master is connected 
to several sub-stations. 


Distortion results because of phase shift 
in long lines. Considerable power is 
lost in extra long connecting cables. 



** ® 
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same type of speaker. Also, assume you have two identical P.M. 
speakers. Call these speakers No. 1, and No. 2. By connecting one 
speaker to the input of the amplifier, and the other speaker to the 
output, conversation may proceed from No. 1 speaker (used as a 
mike, at this time) to No. 2 speaker. The No. 1 speaker may be in 
one room with the amplifier, while No. 2 speaker is connected with 
a long cable and is placed in another room. By employing a suit- 
able switch, the connections of speaker No. 1, and speaker No. 2, 
could be reversed. Conversation can now originate at speaker No. 2 
(used as a mike, now), and reproduced from speaker No. 1. The 
physical position (placement) of the speakers may remain the same. 
The controlling switch for the speaker-connections is included in 
the cabinet of the amplifier. 



Figure 371. An illustration of a Talk-A-Phone inter- 
communicator showing the master and one sub-station. 

Master Selective System. The natural outgrowth from the 
basic system described, is the master selective system. One amplifier 
unit with its speaker is still used at one location, but instead of one 
speaker at some other single point, several speakers arc used and 
each is located at a different desk, or room, or station. In the com- 
mercial units, facilities are provided for ten such sub-stations, but 
any number less than ten can be used. The Talk-A-Phone KR-40 
system permits private two-way communication between the ampli- 
fier (known as Master) station and any of the sub-stations. The 
master station can call all sub-stations simultaneously . if need for 
this operation arises. The sub-stations can answer and call the mas- 
ter station, but cannot call one another. It is possible to place the 
units as far as 3,000 feet apart from each other, but shorter dis- 
tances are recommended. The person operating the master unit, 
of course, must control the talk-listen switch. 

Super-Selective System. A complete system may be made up 
of master stations only to permit great freedom and versatility of 
operation. For example, in a system made up of ten such master 
stations five two-way private conversations can be held simultane- 
ously without interference or cross-talk. Each station can call any 
other regardless of whether the station being called has the power 
“on” or not. 

Combination Systems. It is possible to combine master sta- 
tions, sub-stations, and special booster units to serve special require- 
ments. You can readily understand that certain applications may 
require the master stations to have facilities to call any other mas- 
ter or any sub-station, but the sub-station may not require to orig- 
inate the calls. Headphones may be incorporated for privacy of 
conversation. A booster unit is a high power amplifier which is 
used in connection with a sub-station for louder reproduction and 
paging. 
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Sound'Level Meter 


Purpose and Results Obtained. A sound-level meter is used 
to determine the intensity of sound in certain localities or produced 
by specific devices. With certain modifications, the same unit may 
be used to measure vibration of machinery and point to possible 
improvements in design. In ordinary application, a crystal micro- 
phone serves as the pickup and is connected to a portable, specially 
designed audio amplifier. The sound intensity is indicated on a 
calibrated decibel meter, but headphones, an oscilloscope, or a 
recording instrument may also be connected. The results obtained 
may be made to conform to the sensation-response characteristics 
of the human ear, or to give equal response to all frequencies. 
Since the human ear has somewhat different response to sound of 
different intensity levels, two corrective networks are provided; one 
for sound levels closest to 40 decibels, and another for very loud 
sounds around 70 decibels. The sound-level meter is calibrated 
directly in decibels above the standard reference level of 10 16 
watts per centimeter. The range of such instruments may be from 
24 to 130 decibels, which is sufficient for measuring all sounds com- 
monly encountered — from those scarcely audible to sounds that are 
painful to the ear. 

Circuit Details. Essentially, the sound-level meter of the usual 
type consists of a battery operated high gain audio amplifier capable 
of substantially uniform amplification throughout the frequency 
range of 50 to 8,000 cycles per second. Low drain battery tubes are 
employed and the entire unit with the batteries is housed in a con- 
venient carrying case. The microphone is mounted on an extended 
arm so that it will not be affected by reflections of sound from the 
carrying case. 

The sound-level meter may be calibrated with the aid of a mouth- 
blown whistle which is supplied with the unit. This whistle gen- 
erates a tone of approximately 1,500 cycles of a definite intensity 
and is easily and quickly applied to the microphone for calibration 
adjustment. 

Application Methods. For ordinary measurements, since the 
microphone is non-directional, it is only necessary to place or hold 
the unit in the location where the measurement is to be made. The 
microphone may be mounted on a separate stand, if the application 
requires this action, and connected to the sound-level meter with a 
suitable shielded cable. 

Sound level measurements may be made to determine if a room 
is too noisy for certain types of work, the effects of acoustical treat- 
ment, or the best design for reduction of the noise level. Sound 
level and vibration measurements are used in industry for improving 
many devices such as pumps, fans, refrigerators, etc. The reduction 
of noise and vibration not only reduces the noise level at the place 
of the installation, but also increases the life of the equipment. 



Figure 372. An illustration of a General 
Electric sound-level meter showing the extend- 
ing microphone support. The calibrating unit 
is inside of the case cover. 



Courtesy General Electric Co. 
Figure 373. A sound-level meter being used 
to measure airplane-cabin noise. 
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All or any of these factors may be made 
variable. 


Not every airplane radio is tested in a 
high altitude chamber. Such cabinets 
are used primarily for testing new 
equipment and spot checking produc- 
tion runs. 


See the description under the illustra- 
tion above. 
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Test Cabinets 

Purpose of Test Chambers. Test cabinets are used to provide 
any required constant or variable temperature, with various de- 
grees of humidity, and under atmospheric pressures varying from 
stratosphere conditions to pressure of several atmospheres. Usually, 
these cabinets are custom made to specific requirements and the 
conditions needed for the application are obtainable. With the use 
of radio equipment under adverse conditions, the Army, Navy, and 
other government purchasing agencies have acted wisely in specify- 
ing tests which can be used to determine the suitability of the equip- 
ment for the function intended and prevent later failure due to the 
action of extreme temperature, humidity, or pressure. Test cham- 
bers are used extensively in designing and production testing of 
radio equipment intended to serve on board of aircraft or for mili- 
tary purposes in localities with adverse climatic conditions. 

Radio and electronic inspectors, technicians, and engineers come 
in contact quite often with test procedure incorporating test cham- 
bers and, therefore, a brief explanation of the operation and use of 
these all-weather all-altitude rooms will be helpful to you. 



Courtesy Tenney Engineering, Inc. 

Figure 374. Test chamber capable of producing atmospheric conditions 
encountered in the stratosphere. Temperature down to — 70° F. may be 
produced. The working space provided for equipment to be tested is 3 feet 
wide, 3 feet deep, and 4 feet high. 

Construction and Method of Creating Required Condi- 
tions. As already mentioned, each test chamber is designed for a 
specific purpose which determines what functions are included and 
what extremes in temperature, humidity, and pressure (or vacuum) 
will be needed. Our discussion will cover a high altitude type of 
chamber used primarily for testing aircraft radio equipment. 

The required pumps, heaters, blowers, and refrigeration equip- 
ment is included in a large cabinet which also provides the needed 
work space for the radio equipment to be tested. The units are 
rated in terms of the conditions they are able to create and the area 
of the space available for the equipment to be tested. For visibility 
a plate glass window is built into the door and other windows may 
be included in the w'alls. These observation ports are insulated by 
[Continued on page 364) 
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Radio Servicing Technique 

Opportunities in Radio Servicing. As radio receiver circuits 
became more complex, the high school experimenter, amateur elec- 
trician, and the jack-of-all trades who attempted to repair every- 
thing, had to resign radio repair work to men who spent time in 
studying and were prepared for this important work. The addi- 
tional information presented in this and the next lesson should 
enable you to repair successfully any radio set which developed a 
fault. The basic principles you have learned in the earlier lessons 
will now be applied. You will find yourself ready and able to 
repair radio receivers quickly and efficiently. Your customers will 
be pleased with your work and will be willing to pay a fair price. 
Because of your ability and speed, you will complete each job in 
the shortest possible time. This fact is important since you charge 
for the job and not for the time. Your customers do not care how 
long a job takes — they want the radio repaired. If another, less 
efficient serviceman takes three times as long as you to complete a 
certain job, his work is not worth a penny more and perhaps less. 


Since the radio field is the largest if not 
the most important branch of electron- 
ics, the greatest number of technicians 
find well paying work repairing radio 
receivers and transmitters, working in 
technical jobs at radio factories, or 
maintaining radio equipment for indus- 
trial firms. 


On most jobs, it takes a great deal more 
time to find the fault than to complete 
the actual repair. 



Each modern airplane carries so 
iiiifch radio equipment that a 
crew of radio servicemen is 
needed to check the various re- 
ceivers, transmitters, direction 
finders, and inter-communica- 
tors from time to time. 


Jackson Electrical Inst. Co. 

Figure 375. Every airplane carries extensive radio equipment for two 
way communication and for aid in safeguarding the flight. This equipment 
must be checked, adjusted, and repaired from time to time. 
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RADIO SERVICE WORK 



The movable rack assembly illustrated 
is used electronically to check powder 
charges used in shells. This equipment 
was developed by engineers of the Du- 
Mont Laboratories. Radio servicemen 
may find interesting work building, 
operating, or repairing such electronic 
equipment. 


There is an actual shortage of radio servicemen at present and 
the men in this profession are very well compensated. After the 
War, the opportunities for a good radio serviceman should con- 
tinue. 

What Is Expected from a Radio Serviceman? Usually, a radio 
serviceman operates from a small shop or his home and undertakes 
to repair, adjust, and improve radio receivers. He may be called 
upon to repair electronic equipment of the simpler type — the more 
complex devices arc usually serviced by the manufacturer. The 
needed repair may be performed in the home of the customer, but 
greater freedom from possible annoyance and better facilities can 
be obtained in your own shop. Some servicemen are employed by 
factories to repair radios not meeting production tests or returned 
from the field while still within their 90 day guarantee period. 




Courtesy Pan American World Airways 


Figures 376 to 379. The work of testing and repairing radio 
receivers and transmitters is a highly technical occupation. The 
work is interesting and the salaries are good. 


In this section an assumption is made 
that you will operate your own radio re- 
pair shop or store. 


Honesty pays in all work and radio servicing is no exception. 
Make a fair charge for the work and parts needed, explain these 
charges to your customer, guarantee your work. Perform no actual 
work free of charge. Your prospects do not expect you to be a good 
radio serviceman if you inspect radios free, test tubes free, and 
offer other inducements. 
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Methods for Securing Work. We live in a highly competitive 
society and, in normal times, a serviceman must hustle for his work. 
If you want more service business, if you want the business of 
people who never heard of you, you must let all know of your 
existence, your good points, and your special abilities to be of serv- 
ice. You must approach these prospects many times in many dif- 
ferent ways. Various forms of advertising will do this job for you. 
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Among the various iorms of advertising suitable for a radio serv- 
ice business, advertising in publications such as local newspapers 
and telephone books is most common. An advertisement may be 
sent directly to a prospect at his home address. A postal card, letter, 
or a special mailing piece may be employed for this direct mail. 
Posters, window displays, and signs are very effective ways for ob- 
taining additional work. 

Advertising in any form must get attention to be useful. Atten- 
tion may be obtained by sheer size, black type, white space, color, 
novelty, illustration, or catch-phrases. Once the attention is ar- 
rested, the interest of the reader must be held. The story, the pic- 
ture, the idea must compel the reader to continue. With the reader 
expressing a not personally realized interest in your advertisement, 
the next step is to create a desire. A desire for better tone, superior 
reception, improvements possible with a new set of tubes. 

Once the desire is aroused, the reader must be impressed with 
the conviction that your tubes, your service, or your appliances are 
what he wants. Your items or service must appear to him as the 
logical solution of his needs. And the final step, you must make 
the reader act. Action will make your future customer pick up the 
’phone and call you or perhaps stop at your store. 

Information Supplied by the Owner. In all cases, it is a good 
idea to ask the owner of the radio set requiring the repair to ex- 
plain just how the faulty operation developed. In many instances, 
the information supplied will be of no particular use, but the occa- 
sional possible hint may save much time in locating the fault. The 
owner, for example, may say that smoke came out from a part and 
point to the power transformer. This would immediately suggest 
to you that some fault developed which caused excessive current 
drain from the transformer, or perhaps a short-circuit occurred in 
the transformer itself. 


HOW TO OBTAIN WORK 


If there are other radio shops in your 
city, you may get valuable ideas by 
studying the methods used by others. 
Try to be original and improve on the 
work of others. 


The usual advertisement placed by a 
radio serviceman is very simple. Words 
like: Quality Radio Repairing or Let 
Us Repair Your Radio are used, fol- 
lowed with a suggestion that rates are 
reasonable and the work is guaranteed. 
Make it easy for the prospects to find 
you or to call you. Give your complete 
address and telephone number. 


The owner of the radio to be repaired 
likes to be of assistance and is flattered 
by your questions. 



Figures 380 and 381. Many radio faults can be detected by a simple 
visual examination of the radio chassis. Certain unusual sounds heard with 
the aid of the loudspeaker or with a pair of headphones connected to the 
audio stages can be used to suggest the possible trouble in the circuit. 


Visual Examination. Surprising number of radio faults can be 
discovered by a simple visual examination of the radio chassis re- 
quiring repair. Suppose the complaint was poor tone. You notice 
that a push-pull output stage, 45’s used, one of the 45’s had no glow 
of the filament with the set turned on. Yes, the no-glow 45 tube 
was burned out, the circuit out of balance, the biasing resistor too 
small for the single operating tube, and possibly no by-passing of 
the resistor, thus reducing sensitivity. 


The faults mentioned are only sugges- 
tive. There are hundreds of possible 
faults that can be discovered with a 
visual examination. 

Volume 3 - Page 345 


Digitized by kjCk <2 le 


Original from 

UNIVERSITY OF WISCONSIN 





HINTS AND SHORT-CUTS 


The fact that you own good service 
equipment does not mean that you must 
use it on every job. You can eliminate 
the wear and possible damage to your 
equipment, and save time besides, by 
following the suggestions given. 


The many diagrams of typical circuits 
presented in the latter part of this les- 
son will help you locate the various 
stages (and the order) in radio receivers 
you will be called on to service. 

Since the voltage on the grid of any 
tube used in a radio receiver is very 
low’, you are safe in touching this con- 
nection. To eliminate the possibility of 
receiving even a small shock, do not 
touch any metal or the chassis while 
making this test. The lead-in from an 
outside antenna (if one is used) may 
be used instead of the finger for this 
test. 


Such faulty electrolytic condensers 
should be removed from the radio and 
junked. Do not leave such capacitors 
in the circuit after you connect a re- 
placement in their place. 


If you have already repaired a few ra- 
dios, you will certainly agree with the 
author on this point. 
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Faults such as burned out vacuum tubes, slipping dial cables, 
leaking electrolytic condensers, can be discovered by visual exam- 
ination. In the case of a noticeably burned carbon resistor, suspect 
a shorted associated by-pass condenser. This resistor should also be 
replaced in such cases. It pays at all time to try to locate the diffi- 
culty by a quick examination before using test equipment. 



Figures 382 and 383. A smoking part will indicate a probable fault in 
the associated circuit. Touching the grid caps and other sensitive points 
will produce results which may suggest the stage or part at fault. 


Simple Tests for Locating the Fault. In your studies, you 
have already learned about many short cuts for finding the par- 
ticular section of radio receivers or electronic equipment which is 
at fault. The usual practice with or without test equipment is to 
determine whether each stage in progressive order is in proper 
operating condition. In radio receivers, the test procedure re- 
solves around the introduction of a suitable signal in each stage 
beginning with the last audio stage that is coupled to the speaker. 
It is possible to use a moist finger in contact with the grid as the 
means of creating the signal needed. Touching, for example, the 
grid of the audio voltage-amplifier tube would cause a loud hum 
to be produced, provided, of course, that this stage, the last audio 
stage, and speaker are in operating condition. 

There are many short-cuts in servicing that will completely 
eliminate difficulties and are very easy to apply. Consider the in- 
stance of hum developing on strong local stations. This fault often 
may be completely solved by connecting a .1 mfd. 600 volt paper 
condenser from one side of the transformer primary to the chassis 
of the radio set. This keeps the radio set from being modulated 
by A.C. when tuning in a strong carrier and many sets are sup- 
plied with such condenser arrangement. 

Electrolytic capacitors sometimes fail to filter properly the circuit 
and under careful test will show only a fraction of their original 
capacity. If the electrolytic condensers do not appear to be in 
good shape and the set has a loud hum, it is best to replace these 
units. If the complaint of hum really has no bearing, but is due 
to too critical a listener, an 8 mfd. or larger condenser placed 
across the filter circuit will solve this problem. 

Service Procedure. The task of repairing a radio set may be 
considered to consist of (1) the finding of the fault and (2) the 
actual repair. The task of locating the actual fault is usually the 
more difficult and requires a longer period of time than the actual 
mechanical repair. The finding of the fault resolves in the use 
of such equipment which will suggest the location of the improperly 
functioning part or circuit. The knowledge of properly operating 
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LOCATING THE FAULT 


circuits of a similar type will serve as a guide. Once the fault is 
discovered, the repair becomes a simple matter of removing the 
short, completing the broken circuit, replacing the damaged part, 
or making the needed adjustment. 

Let us discuss the method for locating the fault in a radio 
receiver. If the receiver is dead (no sound can be obtained from 
the loudspeaker), make certain that the power connection is made. 
Check availability of power at the socket by connecting a lamp or 
a test bulb. See that some antenna wire is connected to the radio. 
Your finger in contact with the antenna wire will complete the 
circuit which will permit your entire body to act as an antenna 
for test purposes. If no operation is obtained, remove the chassis 
from the cabinet. Suggestions for this work were given in Lesson 1. 



Courtesy Supreme Instruments Corp. 


Figure 384. While many radio faults 
may be detected without the aid of in- 
struments, test equipment is of great help 
on some jobs. A volt-ohm-milliammeter, 
like the one illustrated, is very helpful 
for localizing the fault quickly. 

The power supply should be examined next. The presence of 
filament voltages may be tested with an A.C. voltmeter. The 
presence of plate voltage can be checked at one or two points. 
For this purpose a high voltage (0-500 volts) D.C. voltmeter is 
used. If equipment is not available, the filament voltage can be 
checked by noticing the glow inside the glass type tubes. In A.C. 
type sets, the filament connections to any one tube may be shorted 
with a piece of wire and the presence of a spark will indicate the 
presence of voltage. The fact that plate voltage is available may 
be observed with the aid of a paper or electrolytic condenser. 
Connect the condenser momentarily to a point where positive plate 
potential should be present and to the chassis. The condenser 
should take a charge. Now disconnect and bring together the two 
leads from this test-condenser. A spark will be noticed at the point 
of contact if a voltage (of 50 volts or more) was present between 
the points of the circuit mentioned. 

If you fail to obtain the voltages expected, the fault lies in the 
power supply. However, if the apparently correct voltages are 
obtained, the different stages of the receiver must be tested in 
order. The technique which is explained next is also applied in 
case the radio is operating very poorly. 

By injecting a signal from a suitable signal generator in one 
stage at a time, the portion of the receiver failing to give proper 
operation can be discovered. We have already mentioned this 
method earlier. In case a signal generator is not available, a moist 
finger or a long piece of wire in contact with the control grid of 
the tube in the stage under test, will serve as the source of signal. 
The use of a signal generator, of course, will give much more 


You may learn that the owner of the 
radio already made all these simple 
tests. 


During 1942 and 1943, no test equip- 
ment for civilian radio servicemen has 
been manufactured. •it is not likely 
that any such equipment will be made 
during the War. You may be able to 
buy some second-hand equipment from 
your local radio jobber, or from a for- 
mer serviceman who may be going into 
the Army or other type of work. Do 
not try to buy too much equipment 
now; the test units after the War will 
be of improved type and will be lower 
priced, in all probability. 


A capacitor from 1 to 4 mfd., 450 WV., 
is recommended for such tests. With an 
electrolytic condenser, polarity must be 
observed. 


If you arc asked to repair a radio which 
has the fault appear from time to time, 
but the shaking of the cabinet, move- 
ment of the volume control, or turning 
on an electric light will make the radio 
operate normally for a time, you have 
real trouble on your hands. Such con- 
dition is called intermittent operation 
and is difficult to repair. Experts usu- 
ally replace condensers and resistors 
one at a time until the one causing the 
trouble is found. 
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SERVICING TECHNIQUE 


I.F 



The circuit of an I.F. stage of an AC-DC 
superhet. 


The process of finding a radio fault is 
electrical, but the actual repair work is 
usually mechanical in nature. 


Similar abundance of information is 
present in the circuit of the radio you 
may be working on. 


You should be able to see why this in- 
formation is apparent from the schem- 
atic of Figure 385. 


Charts are in Lesson 9, Volume 1. 
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accurate results and will permit you to judge with greater assur- 
ance whether a stage is good or bad. 

How to Find the Actual Fault. The localizing test you 
have used will point to the section of the radio receiver at fault. 
In one case, let us say, the trouble seems to lie in the section 
between the I.F. tube and the detector. This means that your 
early tests produced the expected response when the signal was 
injected into the detector, but not at the I.F. tube. 

If the tubes have not been tested initially, first test the tube 
used in the I.F. stage. This I.F. tube is a part of the section at 
fault. Next, the circuit of this suspected section should be examined 
and a diagram is helpful for this purpose. 

Our condenser test-unit or a voltmeter may be used to determine 
if the expected voltages are at the plate of the I.F. tube, screen 
grid, and the B-(- connection of the I.F. transformer (usually the 
red lead). If the condenser test-unit is used, connect one lead to 
the chassis, and touch the other to the points mentioned. A volt- 
meter is used the same way, but will indicate exact voltage. In 
an AC-DC type of radio, about 100 volts may be expected at the 
points mentioned; in A.C. sets with transformers, 200 to 250 volts. 
An I.F. stage from an AC-DC set is illustrated. 

Lack of voltage at a point where it is required and expected 
indicates that either it cannot get to this point because of a part 
being open or wire broken, or because an associated by-pass con- 
denser is shorted and passes the voltage to the chassis. This means 
we will look for broken wires in wiring or coil, or shorted circuit, 
or try disconnecting condensers one at a time. 

When you finally locate the actual source of trouble — a shorted 
condenser, two wires touching, or an open winding in a coil — you 
are ready to do the mechanical work to complete the repair. It 
is important, of course, to select proper replacement for the faulty 
part and to do a good mechanical job of mounting the new 
component. 

Using Circuit Diagrams as an Aid. Probably you cannot see 
how a single diagram can give 1,000 facts about the circuit, but 
it does. Let us consider the diagram of a seven tube Pilot set. 
Here is the general information 
about the complete radio set: 

This is a seven tube radio using a tuning eye tube and designed 
for A.C. operation. The set covers two bands and has a novel 
arrangement of pilot lights for band indication. Assuming single 
dial control, band switch, tone control, and volume control, there 
should be four knobs employed. A dynamic speaker is used and 
is indicated as a 6-inch unit. The set is a superhet using one 
stage of I.F. Of interest is the resistance-capacity coupled R.F. 
coil giving superior tone quality. Also note that the I.F. trans- 
formers, marked 73288-E, are of the permeability tuned type. 
These general facts are only a few of the many which can be 
found by examining this diagram. 

Here is the basic information 
about the audio output stage: 

The power output stage employs a 6F6-G pentode and is re- 
sistance coupled to the previous triode. This tube is coupled to 
the voice coil of a dynamic speaker by means of an output trans- 
former. From a tube chart it is easy to learn that the power 
output is about three watts. A tone control is incorporated in this 
circuit. 
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CIRCUIT DIAGRAM DATA 


Here is the specific data 
about the same stage: 

If we analyze this same stage with greater detail, we can obtain 
specific information on the value of each condenser and resistor 
used. Many of these parts are also listed with exact manufacturer’s 
numbers. Circuit details also can be found. For example, a 
.05 mfd. condenser is used as a tone compensator and the tone 
control consists of a series condenser and variable resistor and is 
also placed in the plate circuit. Of interest is the biasing method 
used for this 6F6-G tube. The cathode is kept at a ground poten- 
tial and the .02 mfd. condenser serves as a grid return decoupling 
by-pass. The total drop in the negative leg of the power supply 
(in the 250 and 50 ohm series resistors) is used for this purpose. 
The voltage at the tap of these two resistors is used as the minimum 
bias for the tubes with A.V.C. This will give you an idea what 
we mean by specific data and, of course, there are plenty more 
facts. 


A component of correct electrical values 
and of any make may be used for re- 
placement purposes. 



Figure 385. A circuit diagram of a radio receiver presents a wealth of 
information about the components used, suggestive test procedure, and serves 
as an aid which enables the serviceman to locate the fault in the minimum 
of time. 


Information on the tube connections is 
found in characteristic charts or a tube 
manual. 


And here is the specific information 
about one part — the plate coupling 
resistor of 6SQ7 tube, part 13191: 

This resistor has a resistance value of 200,000 ohms, as marked. 
It is used to load the triode section of the tube mentioned and 
carries the plate current for this tube. Without consulting tube 
characteristic information, you can guess that the current is in the 
order of a few milliamperes. Applying the wattage formula: 
Watts equals current in amperes multiplied by itself, multiplied 
by the resistance, we can find the power handling requirements 
of this resistor. (Actual problem: about .002 x .002 x 200,000 
equals 0.8 watts; probably one watt resistor used.) An important 
fact to notice is the possibility of this resistor to burn out if the 
plate R.F. by-pass 500 mmfd. condenser shorts. 

Now consider the several stages used as well as the power supply, 
multiply this by the many different parts used in each stage, 
multiply this by facts known to you in general but made specific 
with the aid of a circuit diagram, and you have the helpful in- 
formation needed to service the set quickly and efficiently. 


Please understand that similar informa- 
tion is presented by the circuit diagram 
about all other parts used in the re- 
ceiver. 
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SIMILARITY OF CIRCUITS 


It is important for you to realize these 
limitations and know how to apply your 
knowledge of circuits to figure out miss- 
ing facts. 


This still refers to Figure 385. 


If you have done extensive radio servic- 
ing, you probably have realized this 
fact. 


Type 24A tubes for R.F., and 47 output 
pentodes came a little later. 


You must realize that the variety of 
tubes listed in Lesson 9, were developed 
over a period of time. 
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What a Diagram Does Not Tell You. But a diagram does 
not tell you many things. Sometimes the non-indicated data can 
be found in the actual radio, or figured out by reasoning or 
formulas, or obtained from a parts list. Let us sec how this addi- 
tional information may be obtained. 

In the previous section, we assumed that there were four control 
knobs from the data given in the circuit. This, of course, can 
be checked by examining the chassis itself. Using a formula for 
wattage, we have also calculated the wattage of a resistor. 

Now looking back at the circuit we have been using in our dis- 
cussion, we notice several switches marked “S” located in different 
sections of the circuit. The foot-note in the lower left hand cor- 
ner of the diagram, tells us that this is the band switch and these 
many separate switches must be controlled by a single knob. This 
fact, you will notice, is not obvious from the circuit, but can be 
understood by an experienced radio man with the aid of a diagram. 

Information on number of turns in a coil, the type of base used 
for pilot lights, and other such facts are not often included. 

Typical Circuits Are Similar. According to the best estimates, 
there are in the U. S. close to fifty million radio sets made up of 
about 20,000 different models. There are many ways to classify 
these different sets, but if all similar types are grouped together, 
you will find only a handful of types. And even these types, few 
in number as they are, can be seen to have many similar sections 
and can be tested and serviced along the same lines. 

Circuits have changed more with time than through any other 
influence. The group of early electric radios from about 1926 to 
1929, were of the TRF type and used 26’s or 27’s for the RF and 
AF stages. These are similar triodes. A type 27 tube was used as 
a detector. The final audio output stage used a single or push- 
pull triodes of 7 1 A or 45 type. The speaker was usually dynamic. 

Many sets sold during the 1930 depression were of the four tube 
midget variety. These were for A.C. and for AC-DC operation. 
As some of the later larger TRF sets, these midgets employed type 
47 or other pentodes in the output. In the A.C. midgets an 80 
tube was the rectifier. At first, type 24A or similar type 35 tubes 
were used in the R.F. stage and detector. As new tubes were 
developed in 1931-32, type 58 was used as R.F. and 57 as detector. 
Then, of course, came other similar tubes in the 6.3 volt series, 
and in metal types. 

The early AC-DC sets used 6.3 and 25 volt tubes, dropping 
the balance of the line voltage with a line cord resistor or ballast 
tube. You will find that even present day small TRF circuits are 
exactly the same as these early types. 

You must not be confused with minor variations in circuits or 
different placement of parts. Good training, at this point, is to 
examine many diagrams of radio sets and notice the similarities. 
Also, remember that the physical appearance of parts does not have 
an effect on the electrical similarity of radio sets. Five inch and 
twelve inch dynamic speakers, while giving results which are 
really different, electrically behave very much alike. 

While a few models of TRF sets using later tubes were manu- 
factured, after 1932, practically every radio of five or more tubes 
was of the superhet type. You already know that one of the 
characteristic things about all superhets is the use of I.F. stages. 
These stages are basically alike, with only a few minor variations 
and sometimes different I.F. frequencies. There is complete simi- 
larity even in the I.F. stages of battery sets, auto sets, and others. 


Digitized by kjOuQie 


Original from 

UNIVERSITY OF WISCONSIN 



RADIO RECEIVERS BY TYPES 


The plate power and filament supplies of all AC-DC type 
sets are similar. The audio sections of all radios are very similar. 

The oscillator-mixer stages of the early superhets were different 
from today’s type. Sometimes, two tubes were used for this appli- 
cation — one was the oscillator, the other the mixer. In special 
circuits, R.F. pentodes were sometimes used alone. The pentagrid 
converter tubes operate very much like two individual tubes com- 
bined in a single glass envelope. In all superhet oscillators the 
plate current must be controlled by two different frequencies — the 
incoming station frequency and the oscillator frequency. This 
latter frequency can be generated by the same tube or by another 
triode. The function is seen to be the same, but the method 
differs. 

To summarize, radio circuits are made up of similar sections 
usually placed together in the same manner. Ordinarily, there are 
only physical variations in parts used and their placement, and 
minor differences in the circuits. Since new radio developments 
are available to practically all radio firms at the same time, and 
since each tries to make their sets best within a price limit, the 
resulting radios must be somewhat along the same lines. 



Courtesy Kaar Engineering Co. 

Figure 386 and 387. Receivers used for special applications are similar 
in design and appearance to broadcast home-type radios and are serviced 
in the same manner. 

Early A.C. TRF Receivers. Very few of the old battery oper- 
ated receivers are still in use. But because the early all electric 
sets were produced in tremendous quantities and because these sets 
are capable in giving acceptable reception from local stations, these 
sets are found in many homes at the present. When millions of cer- 
tain models* are in use and these radios are on the average over 
fourteen years old, many of these receivers will require repairs. 

The receivers produced during 1926 and 1927, used type 26 
tubes in majority of the stages. These sets were of the tuned radio 
frequency type and used three or four R.F. stages. A grid leak 
detector was usually employed and a type 27 triode was used in this 
function. The output stage may have used a single or push-pull 
type 12A, 71 A, or 45 triode. The R.F. stages used a multi-gang 
tuning condenser and an attempt was made to shield the different 
stages. The audio stages were coupled with transformers. The 
power supply, in these early radios, were at times mounted 
separately. 

The receivers of a little later period used type 27 triodes through- 
out, except in the power output stage where type 45 tubes in push- 


This paragraph tries to explain that var- 
ious oscillator-mixer stages are similar 
in function, and are tested and serviced 
in a like manner. 


In many instances, new patented devel- 
opments are released on a license and 
royalty basis. 


*We list below several of the more pop- 
ular models of this type: 

Atwater Kent 40. 

Crosley Model 706. 

Gloritone 26. 

Kolster K-20, 22, 27. 

Majestic 70 and 90. 

Pbilco 82 and 86. 

Philco Model 87. 

RCA Radiola 17, 18, 60. 

RCA Victor R-32, R-52. 

Sparton 930 and 931. 
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RCA RADIOLA 17 


Early A.C. TRF Sets 




Tubes used in similar models: 

R.F 26,27 

Detector 27 

Audio Amplifier 26,27 

Power Output 12A, 45, 50, 71A 

Rectifier 80,81 
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pull were employed. The tetrode tube was commercially produced 
at about this time ( 1929), and type 24A tubes were used in the R.F. 
stages. Type 27 tubes were still used in the detector and audio 
voltage amplifier stages. The type 47 power pentode was devel- 
oped soon after this and was introduced in the output stage. 

Above we have a circuit of a TRF receiver which is representa- 
tive of this period. This diagram can be used as a guide for the 
analysis of all circuits of similar type. Let us become acquainted 
with this circuit. 

The receiver and the associated power supply were on separate 
chassis, usually inclosed in very sturdy and solid metal containers. 
A cable was used for connecting the two units together. In its 
basic function, the power supply circuit is of the familiar type. The 
more economical higher-capacity electrolytic capacitor did not 
come until a few years later, and bulky paper condensers of rela- 
tively low capacity are used in the circuit shown. In making the 
(Continued on page 357) 
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CM 5.0 MFD.X 250 V. 
C.U> .006X600Y. 
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Analysis of the Circuit. The midget radios of the 1931-33 
period were of the A.C. operated type. The circuits used a stage 
of R.F., a detector, pentode output stage, and a full-wave rectifier 
power supply. Various tubes were used in the different stages. The 
coils were of the unshielded type and usually the antenna coil was 
placed above the chassis, while the R.F. coil was placed at right 
angles and underneath the chassis. A two-gang condenser was 
used for tuning. 

Please refer to the power supply section and notice that the 
speaker field is used as a choke. The voltage divider network is 
incorporated to give lower (88 volts) grid voltage and also serve 
as a bleeder through the volume control, R-7, as shown in the 
circuit. R-6 is used to assure minimum bias for the type 58 tube. 

A power detector circuit uses a type 57 tube and adds to the gain 
of the radio. It is possible to quickly test a radio of this type by 
connecting the antenna to the plate of the R.F. stage, type 58 tube 
in this case. This action eliminates the preceding R.F. stage. 

Pentodes of the power type were used in the audio output stage. 
This circuit employs a type 2A5, but type 47 was very popular at 
the same time, with types 41, 42, and 6F6 coming later. The con- 
( Continued on page 356) 


Tubes used in similar models: 

R.F 6D6, 24A, 35, 39/44, 58, 78 


Det 6C6, 24A, 36, 57, 77 

Audio PZ, 2A5, 38, 41, 42, 45, 47 

Rectifier 80, 82, (IV, 6Z4, 84) 
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Tubes used in similar models: 

R.F.. .6D6, 6K7, 6SK7, 12K7, 12SK7, 78 

Del 6C6, 6J7, 6SJ7, 12J7, 12SJ7, 77 

Audio . 25 A6, 25B6, 25L6, 35L6, 43, 50L6 
Rectifier IV,12Z3, 25Z5, 25Z6, 35Z4, 35Z5 
(12A7, 25A7, 70L7) 
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Similarity to Other Circuits. This modern midget radio is a 
good example of circuit similarity. You will notice that the AC-DC 
power supply is basically the same as other supplies of this nature, 
studied in previous lessons. The R.F. and detector stages are almost 
identical to those of the circuit we have just examined, but since 
only 100 volts is applied to the plates of the tubes used in these 
stages, the same voltage, without any additional drop, also serves the 
screen grids of the two tubes. As you will see from the circuit, 
these voltages are not always applied directly to the tube elements, 
but may be applied through resistors or inductors. 

In AC-DC radio receivers, many convenient short cuts may be 
applied to locate the fault. If a tube is suspected as being burned- 
out, you may use a 50 or 100 ohm resistor and connect it across the 
filament terminals of each tube in turn. If the balance of the tubes 
light up, with this test made at one socket, the tube in this socket 
is probably at fault. The same 50 ohm resistor may be used to 
test for B+ voltage at the proper points. The presence of voltage 
will cause a spark to jump when contact is just completed. 

Point to Notice. The resistor R 6 is used to prevent sudden 
surges or a momentary short in the power supply, in damaging the 
rectifier tube. This resistor may be incorporated in any AC-DC 
power supply as a precaution. Rectifier tubes intended for AC-DC 
power supplies are easily damaged by momentary shorts which 
cause heavy current to flow. Such damage to the tube reduces 
the emission to a very low value although the tube continues to 
light. 
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1930 4936 Superhets 


WELLS-GARDNER 40 



Study of the Circuit. As mentioned in the text of an earlier 
lesson, the first superhet receivers used a separate tube for the 
oscillator. If you are servicing one of these older radios, you can 
easily detect the presence of this separate oscillator. Please notice 
that in this circuit the oscillator frequency is injected into the 
cathode of the second type 35 tube which is used as the mixer. A 
special cathode coil is employed for this purpose. 

One stage of I.F. is used, with a type 24 tube as the detector. 
The components in this detector circuit are critical and care should 
be exercised in making replacements. 

The type 24 (correct number is 24A) tube shown in the lower 
right-hand comer of the diagram is used in a AVC circuit of an 
earlier type. The bias applied to the R.F., mixer, and I.F. tubes is 
determined by the strength of the signal and the adjustment made 
on the R-18 potentiometer. 

The condenser, C-10, is employed to tune the filter choke. This 
circuit makes the filter more effective in reducing the ripple and 
possible audio hum. In modern sets, the use of larger capacity 
filter condensers eliminates the need for such special circuits. 

Notice the use of two condensers in parallel across a 4,500 ohm 
resistor marked R-19. When R.F. currents are carried by a long 
lead, by-pass condensers may be placed at two separate points. 
However, two condensers are used in this case because the larger 
one of 4 mfd. presents considerable inductive reactance to R.F. 
and actually acts as a choke. The smaller condenser, C-15, is used 
in parallel to by-pass R.F. from the screen grids of the tubes. 


The first type 35 tube is used as an R.F. 
pre-ampliner. 

That is, second detector. 


This is a good point to remember when 
servicing receivers which have a ten- 
dency to oscillate. The presence of a 
large capacity condenser cannot be 
taken as a guarantee of R.F. by-pass. 
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Tubes used in similar models: 

Converter 6A7, 6A8, 6AS7, 12SA7 

I.F. . . .6D6, 6K7, 6SK7, 12K7, 12SK7, 78 
Audio-Det. . . . 6Q7, 6R7, 6SQ7, 12SQ7, 75 
Audio 25A6, 25L6, 35L6, 43, 50L6 


Most Popular Midget Receiver. Superhets of the type cov- 
ered by the above circuit have been sold in great number. Dif- 
ferent tube types have been used, but the circuits have been essen- 
tially the same. Some of these receivers are of a similar type, but 
are A.C. operated. 

The power supply may be tested in the usual manner, and the 
unbalance test can be applied to determine in what stage the fault 
lies. The usual fault is due to a shorted condenser, bad tube, or 
improper alignment. 

In case a signal generator is used for alignment, the I.F. stage is 
adjusted to the frequency specified, while the signal is injected in 
the last I.F. transformer and then in the preceding transformer. 
The alignment is next carried out by injecting the signal either 
by a connection to the antenna wire or by making a small loop 
of the signal generator bare lead. The adjustment at about 1,400 
KC. is made with the trimmers of the condenser. 


Volume 3 


{Continued from page 353) 

denser C-7 (about .01 mfd. in most sets) is used to by-pass some 
of the highs which predominate in pentode output tubes. In many 
sets, this condenser is connected between the plate and screen grid 
*D OCO which, of course, is at a ground potential as far as audio frequencies 

IrCICJ© v50D are concerned. 
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Large Modern Superhets rca-vtctor iio-k 



Small Faults in Large Sets. You should realize that even 
a large complex receiver may stop operating because of a very minor 
and easily found fault. Bearing in mind that the large multi-band 
receiver consists of a greater number of individual stages of the 
type we have already studied, you will realize that the servicing 
procedure is similar. Examining the circuit above, you realize that 
four 6K6-GT tubes are used in the output stage and this stage may 
be tested in the same manner as any other audio stage. The phase 
inverter tube shown in the circuit corresponds to the second triode 
of the circuit we have studied in Lesson 11. The first tube of the 
phase inverter is the triode section of the 6Q7. The I.F. stage has 
nothing exceptional involved. The R.F. stage and oscillator are 
of the familiar type, but are made somewhat complicated by the 
band switch and push button arrangement. You will remember 
that once the receiver is made to operate on the broadcast band, 
any fault which may be still present on the short wave bands is 
due to the special short wave coils, switch contacts, or failure of 
the oscillator tube to operate on high frequencies. 

( Continued from page 352) 

needed repairs, if you discover that one of these paper dielectric 
condensers is at fault, it may be replaced with a more compact 
electrolytic unit of greater capacity and of sufficiently high voltage 
rating. A voltage divider and its related by-pass condensers were 
also included in the power supply chassis. 

The receiver circuit employs three stages of R.F. amplification. 
The antenna input stage is untuned and the 2,000 ohm potentiom- 
eter serves as the volume control and grid resistor. The 1,000 
ohm grid resistors prevent oscillations, since triodes are used and 
there is considerable grid to plate capacity within the tubes. 
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This circuit, for example, covers a re- 
ceiver made up of the following stages: 
R.F. pre-amplifier, 6SK7. 

Pentagrid converter, 6SA7. 

One I.F. stage, 6SK7. 

Detector, A.F., AVC, 6SQ7. 

Phase inverter, 6SF5. 

Push-pull parallel audio output using 
four 6K6-GT tubes. 

Full-wave rectifier, 5U4-G. 
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Battery Operated Sets 
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REAR OF CHASSIS 


These 6-volt farm sets were similar to 
auto radios, but employed tubes of low- 
er filament current requirements. 


Probably all combination portables of 
the future will be of this type. 
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20031 ohm — yS w. 

4M ohin— )4 w. 

40M olmi — yj W. 

3 megohm— )4 w. 

1 megohm volume control 
S megohm— 34 w. 

500M ohm-34 w. 

1 megohm— )4 w. 

700 ohm— w. 

Tone Control (1 Megohm) 

CONDENSERS 

» 

2 gang variable condenser 
Antenna Trimmer on gang 
Oscillator trimmer on gang 

0002S mica 
.05 x 200 v. 


.OS x 200 v. 
.0001 Itnca 
.003 x 600 V. 
.0001 mica 

.01 x 400 v. 
10 mid. x 25 
.003 x 600 v. 
.25 x 200 v. 
.1 x 200 v. 
.002 x 600 v 


Antenna Coil 
Oscillator Coil 
Input I. F. . 465 kc. 

Output I. F. • 465 kc. 

Output Transformer 
6 in. P. M. Speaker 
Off -on twitch on Volume cootrol 


Use of Battery Tubes. The new series of battery tubes made 
possible the present-day portable receivers and farm type radios. 
The majority of these tubes have their numbers begin with “1” 
or “3,” for example, 1H5, 3Q5. The older battery tubes were in 
the 30 series. 

Essentially, the battery sets are similar to the types we have 
already studied, but the power is supplied from batteries, and the 
A battery, for filament use, may also be employed to give the needed 
bias in some of the stages. 

Some of the older type farm radios at times were designed for 
six volt storage battery operation and the plate voltage was obtained 
with the aid of a vibrator type power supply. 

Some of the modern portables incorporate an AC-DC power 
supply and permit the operation of the radio from the power 
line. Usually, a separate rectifier tube is employed in the power 
supply which replaces the batteries. In some sets, the audio 
output tube is also replaced with a more powerful tube when 
the receiver is operated from AG-DC power. 

Single Battery Portables. In 1941, combination portables 
were manufactured which obtained all the power necessary for the 
operation of the receiver from a 2 volt built-in rechargeable bat- 
tery. The tube filaments are heated directly by the battery voltage, 
while the necessary high voltage for the screen and plates of the 
tubes is furnished by a synchronous vibrator used in conjunction 
with a step-up power transformer and associated filter circuit. Pro- 
vision is incorporated to charge the battery directly from the house 
current without removing the battery from the receiver circuit. 
The condition of the battery’ may be judged by observing floating 
balls which serve as a hydrometer. 
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Auto Radio Sets 


MOTOROLA MODEL 9-44 



Special Requirements for Auto Sets. Primarily, automo- 
bile radio receivers are different from home sets in that they 
incorporate power supplies of the vibrator type designed for opera- 
tion from a six volt source. Please notice this fact in the circuit 
above. Type 84 rectifier tube is often used. Type 0Z4 tube is 
used in sets where current drain must be conserved. 

Since the antenna used with auto sets is necessarily small, a 
pre-selector R.F. stage is incorporated. One or two I.F. stages 
are used. 

Because of vibration and movement of the automobile, the 
components of the radio must be carefully mounted in place. 
Usually, the entire radio receiver is housed in a metal container 
which mounts behind the dash and has the control dials placed 
on the dash. 

Before 1938, identical radios were intended for all makes of cars. 
The dash control was supplied for the particular car in which the 
radio was to be mounted. Radios of this type were also made in 
more recent years and supplied with a universal control which 
could be attached to the dash of any car. The public preferred, 
and justly so, the new crop of auto radios made for specific auto- 
mobiles. Space for these radios was provided by the automobile 
designers on the dash. These more modem radios included push- 
button tuning since this convenience permitted the selection of the 
wanted station without removing attention from the road. 


Modem auto radio antennas are most 
often of the buggy whip type. The best 
results are obtained when the antenna 
is mounted clear from the body of the 
car, and as far away as possible from 
the engine. 


In estimating the probable time re- 
quired to repair an auto radio, be sute 
to allow ample time for the task of tak- 
ing the radio out of the car and placing 
it nack in place. This work may prove 
the biggest part of the job. 
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LESSON 53 


Service Case Histories 


The service hints presented in this les- 
son have been reprinted from “Service 
Hints,” Volumes 2 and 3, compiled and 
published by Sylvania Electric Prod - 
ucts , Inc . Due thanks is extended to this 
firm for their fine cooperation. 


Benefit Through the Experience of Others. Similar faults 
often develop in a particular model radio receiver. This is to be 
expected. With years of use, a fault is bound to arise even in the 
finest radio. The weak link may be a condenser, a certain tube, or 
some other part, or a fault in the wiring or the alignment. The 
experience of other radio servicemen with the model radio you may 
be servicing may suggest the probable fault and lead you directly to 
the trouble. Case histories are helpful to diagnose the fault and 
carry out the repair in the minimum of time. Extensive testing is 
eliminated on many jobs. You should always refer to this lesson 
before beginning work on a broadcast type radio receiver. 

Many of the hints given in the case histories presented below will 
apply to other radio receivers and should be studied carefully by 
you. Usually the model number and manufacturer’s name can be 
found on a metal plate attached to the chassis of the radio or on a 
tag inside the cabinet. The case histories are listed below in alpha- 
betical order by the correct manufacturer name, followed by the 
model number. This information is given in the narrow column 
at the left; the case history for the radio model mentioned is 
alongside in the wider column. 


All American 70, 73, 75 


Hum trouble frequently has been traced to a defective condenser 
connected across the tuned choke coil in the power unit. Replace 
with a 0.1 mfd., 600 volt, condenser. 


Atwater Kent 37, 38, 40 


Some of these sets as well as other makes will start with a very 
loud howl, and as soon as the 27 tube used as the detector heats, 
this action will stop. This can be eliminated by adding a resistor 
of about 50,000 ohms, watt, connected between plate and 
cathode of this tube. 


Atwater Kent 84 


If this set plays for an indefinite length of time and then breaks 
into oscillation over the entire dial, the trouble may be traced to the 
60,000 ohm resistor in series with the grid conection to the oscil- 
lator tube, type 27. 


Brunswick S-14, S-21 
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These sets use an R.F. choke as the primary winding of the second 
and third radio frequency transformers. These chokes are coupled 
to the secondaries with .00025 condensers. To greatly increase the 
volume without any loss of selectivity, remove these chokes and con- 
densers and put on a primary winding of twenty turns. This can be 
done without removing the radio frequency transformers from the 
set. Use No. 26 or No. 28 double silk covered wire, and align the 
receiver. 
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Columbia (or Knight) SG-8 


Crosley 30S 


Crosley 124 


Crosley 706 


Edison R-6, R-7 


Grunow 660, Chassis 6C 
(General Household) 


Majestic 50, 52 

( Grigsby-Grunow ) 




Majestic 90, 91, 92 
Majestic 490 


If this receiver breaks into oscillation when the volume is turned 
on, this is due to coupling existing between the last I.F. and detec- 
tor stages. The most satisfactory way to make this set behave under 
such conditions is to insert a 5,000 or 6,000 ohm resistor in the grid 
circuit of the detector. Clip the short wire from the detector grid 
to the coil and put this resistor in place of it. 

When this set gradually loses its volume and the rectifier tube 
overheats, test the large carbon resistor mounted on a small strip 
along the back of the chassis (brown with orange spot). This is 
a bleeder resistor and usually loses its resistance, increasing the cur- 
rent drain. It can be replaced with a 40,000 ohm, 5 watt resistor. 

Noisy and intermittent reception seems to affect all sets of this 
model that have seen much service. Even light jarring will cause 
the set to act up. The by-pass condenser block W22412, consisting 
of four .1 mfd. units, metal container common, is probably defec- 
tive. Replace entire unit with four new condensers. 

If set fades and sensitivity is poor, remove two screws upon top of 
condenser tub. Remove brass bushing and washer, rear of con- 
denser assembly shaft. Sandpaper and clean these parts, bend steel 
spring for more tension, tighten screws, and align variable con- 
denser plates. Replace washer and bushing and re-check on oscil- 
lator. These condensers are not pigtailed, hence the fading, when 
the spring contact is dirty. To make permanent, add a pigtail 
lead. 

Very pronounced rumbling or drumming sound present only when 
very low frequency bass is being reproduced. Commonly caused by 
voice coil striking the field housing at the bottom of voice coil pas- 
sage. Remove the speaker head assembly and insert a thick card- 
board washer to give voice coil more travel-distance. 

A frequent trouble in this receiver is mushy reception. The set will 
pick up stations but the reception will be distorted. In every case 
of this kind, the .01 mfd. coupling condenser between the plate of 
the 75 tube and the grid of the 42, was leaky. Even if this con- 
denser has a leakage of from 5 to 10 megohms, it will cause trouble. 
This unit is part No. 29453, mounted on the inside and at the. bot- 
tom of the small terminal board which is on the left side of the 
chassis looking at the set bottom side up from the front. Replace 
with a 600 volt type. 

Motor-boating at all frequencies or a tendency to oscillate continu- 
ously on the higher frequencies, in this chassis is due either to a 
defective or wrong value grid condenser on the oscillator tube. The 
diagram specifies a .001 mfd., but many use .0005 mfd. By chang- 
ing the .0005 to a .001, and substituting 50,000 ohms for the 
100,000 ohms across it, the set gives very stable and improved 
results. 

Set, at short intervals, begins to cut in and out and the reception 
becomes very choppy. Check center-tapped resistor across 27 tube 
heaters for a corroded center tap. The total resistance is 1 .6 ohms. 

Motor-boating is often caused by the electrolytic filters drying 
and changing in capacity. 
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National Carbon (Eveready) 50 


Philco 16 


Philco 20 


RCA Victor R-7 


Sparks-Withington Sets 


Stewart-Warner 102 A 


Stewart-Warner 111, 115 


A very satisfactory and economical repair can be made on this 
receiver whenever the high resistance section of the dual volume 
control is burned out or has a mechanical defect occur, by remov- 
ing this section and placing a 50,000 to 75,000 ohm, 2 watt, fixed 
resistor in the same circuit. The other section of the dual control 
regulates the grid bias and provides ample control of the volume 
under all conditions. 

Frequency drift; resolder all coil connections and rebalance. Oscil- 
lates too freely on short waves; check electrolytic condenser No. 
30-2011. Cutting off with a subsequent widening of shadow tuner 
and then cutting back on again is caused by a defective 6A7 tube. 

If set oscillates with volume control turned on full, connect a .05 
mfd. condenser from chassis to the R.F. transformer side of the 
resistor in the B+ lead of the first R.F. tube. 

The 14,000 ohm screen-grid voltage resistor and 8,000 ohm bleeder 
resistor in this set often change their values. This results in a loss 
of sensitivity and very poor tone. Replace these resistors with 1 
watt wire wound units whenever this model comes into your shop. 

In the older Sparton models, those with separate tuning units, often 
the complaint is: “Very broad tuning.” This trouble is usually 
caused by shorted turns on an R.F. coil. In this case, the R.F. as- 
sembly should be carefully removed from its box, the shorted turns 
located, separated with a fine needle, and painted with repair ce- 
ment for insulating purposes. 

With symptoms of very weak and distorted reception and only the 
local stations barely audible, look and check for an open or shorted 
fixed capacitor (0.1 mfd.) connected between the purple and yel- 
low resistors on the resistor strip under the rear of the chassis. 

Tunable hum may be caused by condenser No. 15 opening. If you 
change condenser No. 34 in Stewart-Warner 111, be sure it is not 
wax or tar filled. This chassis stands on end and heat from the 
43 tube will cause wax or tar to run down. 


Transformer Corp. of America 220 
(Clarion) 


U. S. Radio & Tel. 8. 
(Apex, Gloritone) 


Lack of reception in this receiver often can be traced to an open 
control grid clip wire leading to the 24A detector-oscillator tube. 
The connection between the clip and the tuning condenser is a 
short piece of 1,000 ohm wire inside a sheath. An open cannot 
be noticed or found except by a complete analysis of the receiver. 
The trouble can be remedied by using a 1,000 ohm, l / 2 watt re- 
sistor in series with the control grid clip to the condenser. 

• 

Lack of volume throughout the entire broadcast band may be 
caused by the 25 mfd., 150 volt, electrolytic condenser across the 
bias resistor. This condenser should be replaced. You will find 
this condenser between the power transformer and R.F. coil cans. 
Intermittent operation accompanied by oscillation, the dial being 
off calibration, is probably due to the .01 mfd., 400 volt, oscillator 
circuit coupling condenser. 


U. S. Radio & Tel. 27 


Zenith 705, 707, 711 
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Oscillation is caused by opening of .04 mfd., by-pass condenser in 
cathode circuit of the 24A’s. 

Intermittent reception usually can be traced to the 5 mfd., 25 volt, 
electrolytic condenser on cathode of second detector socket. 
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ESICO 


big. u. s. «* t . orr • 



- _ Mlustrated is the ESICO 100 watt soldering iron. 

' | This is the most popular size for -fast con- 

t _ ~~ tinuous soldering in radio factories. Also popu- 

’ ^ — j ar w j|f 1 S0rv j co men f or fhe reason*that it comes 

to heat quickly due to the fairly high wattage for a small iron. It is not recommended 
for use where the iron is to be left on the circuit and will have long periods between 
actual soldering applications. A smaller wattage iron is required in this instance, or this 
iron should be placed in a temperature regulating stand to prevent it from overheating. 
Irons are obtainable with tips which screw into the element core, or with so called plug 
lips which slide into the element core. 

The machine on the left is the ESICO Spot Soldering machine. It is oper- 
ated with a treadle which advances the iron so that it comes down and 
makes contact with the solder and the part to be soldered. The solder ad- 
vances as the iron moves upward and is in position for the next operation. 

The ESICO temperature control stand cuts the iron in and out 
of the circuit thus preventing it from overheating when lying 
idle. Soldering irons must be made with a surplus of heat 
capacity in order to withstand the drain on them when they are 
bringing the work to be soldered to temperature. Conse- 
M quently, they can not be left on the circuit continuously without 
\ 8 heat being taken from them. 



ESICO solder pots are used for dipping the ends of wires, 
lugs, etc., for the purpose of tinning them prior to soldering 
into assemblies. 



The illustration to the left shows an ESICO plug tip soldering iron, held in a 
bench bracket and a small pencil soldering copper being removed from it. 
This very small pencil iron is used for soldering extremely small items. It is 
a popular method of soldering in electric meter manufacturing establish- 
ments, where connections often are soldered under a magnifying glass. 
This is due to the fact that the wires being soldered are very small and 
minute quantities of solder are applied. 


ELECTRIC SOLDERING IRON CO., Inc 


2644 West Elm St. 


Deep River, Conn. 


Educational Advertisement 
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SURFACE ANALYZER 


Vertical motion is due only to the 
surface irregularities. 


The amplification is equivalent to mag- 
nification of the irregularities which 
produced the initial crystal voltage. 


(Continued from page 330) 

The tracer point is mounted in a tubular lever arm and is pro- 
tected from mechanical damage by a steel finger which carries 
the positioning shoe. This positioning shoe rides over a relatively 
large area of the surface under test and establishes a reference 
level for the tracer point and also supports the weight of the 
pickup arm. The tracer point is coupled to a quartz crystal ele- 
ment by mechanical linkage in such a manner that any vertical 
motion caused by the surface irregularity will place the crystal 
under stress. The crystal generates a voltage which is directly 
proportional to this stress. 

Calibrating Amplifier. A two stage amplifier is employed to 
supply the necessary gain (magnification) between the pickup 
and the direct inking oscillograph. A calibrated attenuator is 
included in the input circuit to provide various degrees of overall 
magnification of the surface irregularities so that they may be 
readable on the chart. A calibrating circuit is also included to 
supply a test voltage for adjusting the amplifier gain for accurate 
correlation with the pickup sensitivity. 

Direct Inking Oscillograph. The oscillograph unit, shown 
in the left part of the photograph, is used to make a graphic record 
of the irregularities of the surface under test, as explored by the 
pickup tracer point and magnified by the amplifier. The oscillo- 
graph is equipped with a direct inking pen actuated by a crystal 
element which is thermostatically controlled for stabilization. The 
movements of the pen are recorded on a moving paper chart. 
The chart feed mechanism is driven by a separte synchronous motor. 


ATMOSPHERE CHAMBERS 


The radio equipment may actually be 
operated within the chamber for a 
period of time. 


Many unusual things happen to radio 
circuits at these temperatures. For 
example, resistors show much lower 
resistance values, and certain types of 
plastic insulation become brittle and 
crack. 
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( Continued from page 342) 

multiple glass sections, sealed to prevent interior condensation, and 
present a clear view of the working space under all interior and 
exterior atmospheric conditions. 

For electrical connections suitable lead-ins are provided. Special 
stand-off insulators are provided for high frequency and high volt- 
age connections. Means are also included for connecting air or 
water pipes since some radio equipment may impose these require- 
ments. To make mechanical adjustments of the apparatus under 
test, small rotating shafts are installed and are manually turned 
from the outside. When rotary power must be introduced, a small 
stainless steel shaft is used with a special packless vacuum seal. 

In majority of standard units of this type, the pressure is con- 
trolled from atmospheric to that equivalent to 50,000 feet of alti- 
tude. Rate of pressure change is governed by the size of vacuum 
pump employed. The vacuum gage mounted on the outside is 
calibrated in feet of altitude. 

Extreme temperature variations from — 40° to 150° Fahrenheit 
may be obtained. The refrigerating effect is obtained by the evap- 
oration of Freon or by circulation of an organic solvent precooled 
with dry ice. When mechanical refrigeration is used, single stage 
compression is employed for temperatures down to — 40°, while 
below this level, multiple stage cascading is employed. 

Heating of these units is accomplished by electric air-heaters 
mounted in a vigorously recirculated air stream. The desired hu- 
midity is produced by spraying a small amount of water into the 
air stream. The various conditions created in the test chamber are 
controlled from the outside and are shown or recorded on suitable 
gages. 
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MT. CARMEL 


WHERE ELECTRONICS IS KING 



Keen Eyes and Sensitive Fingers: Here’s skill — plus imag- 
ination! A typical scene at Meissner’s Mt. Carmel plant 
as vital war supplies, precision -made in every detail, are 
kept moving to world battle fronts. 



Precision Family: It is said that Mt. Carmel, Illinois, has more elec- 
tronics technicians per thousand population than any other city on earth. 
Shown here are five of the six members of the Collins family — one of the 
many families helping to make the delicate, sensitive equipment for 
which MeiSsner is famous. 


PERSONNEL? Here It's PRECISION- EL! 




Mt. Carmel, Illinois, (population 7,000) is famous for two 
things: music and electronics. The first reputation is based 
on its top-flight civic and high school music groups — on such 
outstanding home-town “products” as Howard Barlow, re- 
nowned symphony conductor. The reputation for great 
electronics ability centers around the humming Meissner 
plant — where scores of employes have spent their entire 
working lifetimes on the exacting requirements of Meissner’s 
“Precision -Built” line. Their flying fingers, now assigned 
to war orders of tremendous strategic importance, long ago 
lifted them above mere “personnel” into the radio industry’s 
highest honor— “PRECISION-EL!” 


Can He Qualify? Even in wartime, Meissner prides it- 
self on its “hand-picked” personnel. Here Personnel 
Manager White is interviewing a promising applicant. 
(See main caption at right.) 


INSTRUCTORS! Here’s Your Perfect 
“How To Build” Manual! 

Packed with all of Meissner’9 vast experi- 
ence! You get 168 pages of helpful, factual 
material — liberally illustrated with 
charts, radio formulae, schematic circuit 
diagrams, and pictorial wiring diagrams. 
Construction data on 22 kits for building 
radio receivers and adapter units, with 
operating i nst ructions and servicing data 
on over a dozen complete assemblies, in- 
cluding F-M receivers, phonograph-re- 
corders, and radio equipment. Ideal for 
beginner or advanced student. 

Price, only 50c postpaid anywhere in 
the U.S.A. (75c in Canada.) Send for your 
copy today. 


Your Guarantee of Perfection: Down through the years, 


MEISSNER 


the Meissner name has come to stand for the ultimate in 
radio quality. These two, along with hundreds of other 
experienced technicians^rre very goo|l^reasons why!” 
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SUPREME 


ELECTRONIC TESTING EQUIPMENT 


MODEL 571 
Oscillator 


MODEL 504-A 
Tube and Set Tester 


The success of any repair and maintenance 
job depends upon two factors: The repair- 
man's tools and his knowledge and skill in 
their application. For fifteen years, Supreme 
Instruments Corporation has been develop- 
ing and building Radio and Electronic Test- 
ing Equipment which simplifies repair jobs. 
Described below are three of many models 
designed and built by SUPREME. Of course, 
Supreme is now 100 percent 
engaged in production for War. 

After Victory, Supreme Instru- 
ments will again be available 
for general service and repair A 

work. M 


Supreme Model 504-A — A combination tube, battery, 
condenser, and set tester. This instrument incor- 
porates a unique switching arrangement whereby 
the operation is greatly simplified. When used as a 
set or condenser checker, the test leads do not have 
to be moved from two pin jacks. This simplifies and 
speeds up the operation. A telephone index type 
roll chart is incorporated with instructions for set- 
ting each control for all type tubes. Only one of 
each type socket is required, thus eliminating the 
possibility of tube damage by placing the tube in 
the wrong socket. As a multi- 
meter the instrument can be used 
to measure from .1 to 2500 volts 
_ D C.; .1 to 1000 volts A C.; 10 

microamperes to 10 amperes D.C.; 
.1 ohm to 20 megohms; and .1 to 
1000 output volts. 


Supreme Model 542 — A small 
pocket multimeter is indispensa- 
ble for radio repair work. The 
Model 542 incorporates a 200 
microampere meter which extends 
the usefulness of the small tester. 
The following measurements can 
be made with the Model 542: 
D.C. current from 5 microamperes 
to 150 milliamperes; D.C. voltage 
from .1 volt to 1500 volts; A.C. 
voltage from .1 volt to 600 volts; 
Resistance from 1 ohm to 2 meg- 
ohms; Decibels from — 6 to -+-50. 


Supreme Model 571 — A multiband 
Radio Frequency Signal Genera- 
tor with fundamentals covering 
the spectrum from 65 KC. to 20.5 
MC., in 5 ranges. An internal 
audio oscillator modulates the 
R.F. signal at 400 cycles. Two 
modulation levels are supplied — 
30% modulation for conventional 
testing, and 75% for checking de- 
tector action. The 400 cycle audio 
signal is available for audio 
tests. The output is controlled by 
means of a tapped and continu- 
ously variable attenuator. This 
instrument serves the purpose for 
general alignment work. 


MODEL 542 
Pocket Multimeter 
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Screw Drivers for Electronic Work 



The Right Screw Driver for the Job Advantages of Vaco Tools 


No question about it — this is an age of special- 
ization, in a country famous for its specialized 
treatment of all problems in practically all pro- 
fessions and industries. 

There are so many “special” jobs to be done 
requiring screw drivers, — in your pursuit of prac- 
tical electronic knowledge — that you might as 
well give a little thought to the selection of just 
the right driver. 

By following this procedure you will not only 
do better work — faster, but you will also have 
more time to concentrate on the problem itself 
rather than having to get all “heated up” over 
delays and annoyances due solely to not having 
the right tools. 

War experience has helped Vaco to widen the 
scope of their service; and after the war is over, 
their developments will be a big help to you. 

Uncle Sam wanted certain types of new screw 
drivers and small tools . . . wanted them mighty 
bad, and the Vaco Company, with their special- 
ized knowledge, went “all out” for Uncle Sam. 
True enough, some of these drivers and small 
tools you see pictured at the right cost a lot of 
money as, in certain cases, only a few were 
needed. But after the war — if the need still ex- 
ists — these drivers and small tools will be avail- 
able to you at a minimum cost. Right now, if 
you are in an industry or studying for any in- 
dustry where war work is being done, you can 
probably secure any type of Vaco screw driver 
to speed up your work, without any trouble 
whatsoever. 


Vaco screw drivers recommend themselves 
for one very simple but important reason. 
Whereas many manufacturers of tools con- 
sider screw drivers more or less of a “minor*’ 
department of their business, the makers of 
Vaco drivers are “screw driver” people. They 
have developed their product down to a fine 
point, actually studying the needs of every 
field they cover and — as nearly as possible — 
building “stock” drivers to take care of all 
needs. 

In this way a man gets a screw driver that 
is built to do the kind of work he wants it to 
do. Best of all, he gets the perfect driver to 
fit his needs without having to pay a special 
fancy price for it. 



Vaco Products Company, 317 E. Ontario St., Chicago, 111. 

MANUFACTURERS OF 

AMBERYL LIFETIME, CHROME VANADIUM, SPIN HEX, PHILLIPS, VACOLITE and RED FLASH NEON SCREW DRIVERS 
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INDEX, VOLUME THREE 


Absolute altimeter, 307 
Advertising (radio shop), 345 
Aircraft aids, 304 
Altimeter, 307 
Amateur radio, 279 
Amperite tubes, 319 
Analyzer, surface, 330 
Angstrom unit, 321 
Atmosphere, test cabinets, 342 
Automatic direction finder, 305 
Automatic transmitter, 298 
Auto radios, 359 
AVC, double type, 284 
Azimuth, 308 

Ballast tubes, 319 
Bandspread tuning, 280 
Battery operated sets, 358 
Beacons, aircraft, 304 
Bearing, how to obtain, 294 
Bridge, use in gages, 327 

Cabinets, test, 342 
Call system, 339 
Cavity resonator, 324 
Circuit diagrams, 348 
Circuit similarity, 350 
Clipper circuit, 301 
Color matching, 273 
Combustion control, 273 
Control, electronic, 313, 316 
Controls, receiver, 280 
Coolidge tube, 321 
Communication equipment, 279 
Communication receivers, 279 
Compass, radio, 293 
Crystal, quartz, 295, 330 
Crystal filter, 283 

Diagrams, radio, 348 
Differentiator circuit, 303 
Direction finder, 304 

Electric gages, 327 
Electromagnetic gages, 328 
Electron coupled oscillator, 289 
Electronic shaping circuits, 301 
Electronics, industry, 271 
Electron microscope, 325 
Electron optics, 325 
Emergency transmitter, 298 
Equipment, for servicing, 347 
FM, combination receiver, 286 
Facsimile, 331 
Feedback, audio, 339 
Film-thickness gage, 329 
Filter circuit, crystal, 283 
Foot-candle, 274 
Frequency measurements, 296 
Frequency meters, 297 
Frequency standards, 295 

Gages, electric, 327 
Gas tubes, 311 
Generators, U.H.F., 324 
“Gibson Girl” transmitter, 298 
Gram, defined, 330 

Heating, high frequency, 299 
High frequency heating, 299 
Hints, repairing, 360 
Home recorders, 338 
Humidity, test cabinets, 342 


Ignitron, 315, 317 
Illumination, 274 
Infra-red light, 276 
Installations, photo-cell, 275 
Integrator circuit, 303 
Intensity, sound, 341 
Inter-communicators, 339 
Invisible light, 276 
Ions, comparison, 311 

Klystron, 332 

Large superhets, 357 
Lenses, photo-cell, 277 
Light microscope, 326 
Light source, photo-cell, 276 
Locators, of metal, 309 
Loudspeaker, used as mike, 339 

Magnification, 325, 330 
Magnetron, 332 
Magnifying power, 325, 330 
Marine transmitter, 291 
Master station, 340 
Medicine, use of X-ray, 322 
Metal locators, 309 
Meter, sound-level, 341 
Meters, frequency, 297 
Micron, defined, 325 
Microscope, electron, 325 
Midgets, 4-tube A.C., 353 
Midgets, 4-tubc AC-DC, 354 
Mirror, with light source, 277 
Mixer circuit, 303 
Modern superhets, 356 
Motor control, 313 
Multivibrator, 295 

Noise measurements, 341 

Opportunities, in Electronics, 271 
Optics, electronic, 325 
Oscillators, 289, 295, 299, 324 

Paging system, 339 
Parabolic reflectors, 310 
Parts, placement of, 282 
Phase-shift, 31 i 
Photelometry, 278 
Photo-cell applications, 276, 331 
Photo-cell equipment, 273 
Photo-cell resistance, 275 
Photo-cell, servicing, 277 
Photo-electric cell, 273 
Pickup, phono, 337 
Picture transmission, 331 
Plasma, in thyratron, 311 
Ply-wood, electronic heating, 299 
Portable receiver, 287, 358 
Portables, broadcast, 358 
Power rectification, 315 
Pre-amplifier, for recorder, 338 
Pressure, test cabinets, 342 
Pyrometer, photo-electric, 278 

Quartz crystals, 295, 330 

Radio compass, 293 
Radio locator, 307 
Radio servicing, 343 
Radiotelephone transmitter, 291 


Radio work, 344 
Recording discs, 338 
Recording equipment, 337 
Recording principles, 338 
Rectification, power, 315 
Regulator tubes, 319 
Relay, photo-electric, 274 
Resistance, photo-cell, 275 
Resistance gages, 328 
Resistance welding, 316 
Rim-drive, phono motor, 337 
Roughness gage, 330 

Securing radio work, 344 
Service hints, 360 
Service procedure, 346 
Servicing, X-ray equipment, 323 
Servicing technique, 343 
Shaping circuits, 301 
Short-cuts, in servicing, 345 
Similarity of circuits, 350 
Sine wave, 301 

Single signal, adjustment for, 284 
Smoke control, 275 
Sound-level meter, 341 
Spark-gap oscillator, 299 
Square wave, 301 
Standards, frequency, 295 
Strain gages, 327 
Substitution, tubes, 333 
Superhets, modern, 356 
Superhets, of 1930-1936, 355 
Supersonic vibrations, 271 
Surface analyzer, 330 

Talk-back system, 339 
Temperature, test cabinets, 342 
Temperature indicator, 278 
Test cabinets, 342 
Thermodynamics, 300 
Thickness gage, 329 
Thyratron tubes, 3 1 1 
Time, frequency, comparison, 295 
Tires, electronic testing, 271 
Transmission, facsimile, 331 
Transmitter, automatic, 298 
Transmitter, 25 watts, 289 
Transmitter, 100 watts, 289 
TRF receivers, early, 351 
Trigger point, thyratron, 312 
Triode, U.H.F. limitations, 324 
Trouble-shooting, 348 
Tubes, substitution data, 333 
Tuning fork oscillators, 295 
Turn-table, recording, 337 

U.H.F. receiver, 286 
Ultra-high frequency, 324 

Vacuum, test cabinets, 342 
Vacuum tubes, 272 
Vibrating reed meters, 297 
Visual examination, 345 
Voltage regulator tubes, 319 

Wave guides, 324 
Wavelength, 321 
Wavemeters, 295 
Weather cabinets, 342 
Welding controls, 316 

X-ray equipment, 321 
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NEW TECHNICAL RADIO BOOKS 


SEE THESE HELPFUL. MANUALS AT YOUR RADIO JOBBER OR ORDER FOR EXAMINATION 

Simplified Radio Servicing 
by COMPARISON Method 

A NEW DEVELOPMENT 


M < t>l - ( )[toil - AVi . v / t ’( / 

RADIO 

DIAGRAMS 

anJ Scrrnnia Information 


4 OUT OP 5 CIRCUITS YOU NEED 

In these easy-to-use complete manuals you 
have all the diagrams you raally need. Ovar 
80% of the sets you sarvica avery day ara 
incfudad. Usa thete important, hint-giving, 
trouble-shootinq circuits to maka your sarvica 
work fastar and easier. 



You will be able to repair 
radios in minutes Instead 
of hours. Revolutionary 
different Compnrinon tech- 
nique permits you to do ex- 
pert work on all radio sets. 
Moat repairs can be made 
— ' U T " '7~ ,r test equipment or 

with only a volt-ohm-meter. Many sim- 
ple point-to-point, cross-reference circuit 
suggestions locate the faults instantly 
Plan protected by copyright. 

FOR BEGINNERS AND EXPERTS 


SI : 

RVICI 

: NOTHS 


on 

R 1 

: CO R I) 

1’ LA VCRS 

At 

TOMATIC 

CHANGERS 

W 

1 R I: L K S 

S UNITS 

AND HOMO 

RECORDERS 


i9*t 

RAOTO 

DIAG8JMS. 


The manuals are large, 
8V4xll Inches, clearly 
printed on good quality 
paper. In most cases In- 
clude fully detailed sche- 
matic diagram, parts list, 
alignment data, and serv- 
ice hints. Every popular 
diagram is Included. 


11 inches. 112 pages. Covers every radio 
set type — new and old models. Over 1.000 
practical service hints. 16 large, trouble- 
shooting blueprints. Charts for circuit 
test analysis. 114 simplified tests using 
on ly a 6c resistor. Devel- ejpa 

oped by M. N. Beitmam 5150 

Price Postpaid, jwuy ... w I— - 


Just what you need to repair quickly and 
correctly thousands of automatic record 
changers, manual unltB, pickups, wireless 
oscillators, recorders, and combinations. 
Hundreds of mechanical and electrical 
diagrams. Instructions for adjustments 
and repairs. The most popular units of 
all makes Included. 132 ^ 

large pages, 8H x 11 inches. $150 

Net Price | — 


1942, Volume 5, 204 pages....) 
1941, Volume 4, 192 pages.. ..f 
1940, Volume 3, 208 pugea....f 
1939, Volume 2, 192 pages....) 

1926-38, Volume 1, 244 pages, 
alignment hints, parts lists.. 


$000 

EACH 

*2.50 


GENERAL ELECTRIC MANUAL 

This 64-page complete manual of the 
most-popular GE sets is something you 
must have. The entire manual of these 
•‘often-needed** important circuits is 
yours for less than the coat of a single 
diagram. Size 5ft x 8ft inches. CAji 
N et Only %}UC 


Practical Radio Mathematics 

Introduces and 
explains the use 
of arithmetic and 
elementary alge- 
bra in connection 
with units, color 
code, meter scales. 
Ohm's Law. alter- 
nating currents, 
ohmmeter testing, 
wattage rating, 
series and parallel connections, 
capacity. Inductance, mixed cir- 
cuits. vacuum tubes, curves, the 
decibel, etc., etc., and has nu- 
merous examples. Plainly writ- 
ten and easy to under- 
stand 


LEARN RADIO. 


Home-Study Radio Course „ 


AMAZING BARGAIN OFFER 

Here is your chance to get your 
radio training almost free. These 
simplified, well illustrated, interesting 
lessons cover every phase of radio 
work. You will find tho training rer 


5050 

LtHlfUT 


STEWART- WARNER MANUAL 

This handy diagram manual contains 
diagrams, service notes, alignment data, 
for popular Stewart-Warner radios of all 


periods. (Jet this inexpensive book and 
be ready to service your next set of this 
important make. Size: 6%xll 
inches. Price postpaid 9wC 


ARYIN MANUAL 

The most-often-needed diagrams of Nob- 
lltt-Sparks (Arvin) radios are Included 
in this manual. Service these popular 
sets with confidence and skill, using this 


TELEVISION FACTS * e h r e v 8 '; 

This book defines and explains every the e 
U»rm and part uned in television trans- 
mitting and receiving equipment. The 

moro important terms are described In 

wl,i flnd ^e TELEVISION 
CYCLOPEDIA Section an excellent Introduction 
£ ^vision ? nd • , wreat aid In understanding 
more terimical articles and books. Included are 
many photographs and charts to assist you. 
, radl ° ae/^lceman. amateur, and technician 
book to understand television. 

wi* ct oo p ^ d . pa * w ‘: . we “ 40 c 

HOW TO REFAIR REFRIGERATORS 

JhU, new practical book will tell you how to 
domestic refrigeratoni. 
refrigerators in use must berepoircd 

field. Complete manual 10 tbie proflut>Ie 40 c 


..... K .. uvu , uiuouttiBu, iiiicresunK 

lessons cover every phase of radio 
work. You will find tho training remarkably 
easy to grasp and use. 

TRAIN AT HOME FOR A RADIO JOB 

This home-study manual has helped others like 
secure high pav jobs in radio factories, 
service shops, War Industries, Navy and Army. 
These money-saving lessons will give you all 
the essential training needed. Includes extra in- 


neiH wim connaence ana skill, using this UAU , * 

low priced radio publication. 8l*e:C/\^ HOW TO MODERNIZE RADIOS 

H y I n 5UC You can learn dtllHrlv In 


MOTOROLA SERVICE MANUAL 


This up-to-the-mlnuto manual will tell 
you how to repair MOTOROLA auto ra- 
dios. Includes detail schematics, service 
notes, alignment data, and parts lists for 
all of the 72 models made to 1941. Pre- 
pared with the help of Galvin Mfg. Co. 
engineers. This large SH x fjcfi 

II inch. 96 page manual is w|DU 
priced postpaid at only»,».. T |*. 


X°H qutckly lo modernise all sets, 

hy Improving audio circuits, tnodcrnU- 
addin ir features usually found on 
mL^ica Practical Job-sheets with sche- 
matics and photographs make the work ***▼ 
You are told how to obtain modernisation worj’ 
what to charge, and how to 
complete the job qulckJy and 
5*5? 9W* Lor ire size, Sj as 

is SI HQ 

priced at only ▼ 1 


— ....... u.mmiifi ucrueu. inciuaes extra in- 
formation on recent radio developments. 
You may examine the complete course- 
manual, containing all the lessons and 
^vlew questions, in your own home 
without any risk. 

FOR BRUSH-UP AND REVIEW 

^N^ n >,u»^i* p,?c< V lr,ck * oI rmdl ° fault flndinc, 
case histones of common troubles, servicing 
short-cuts extra profit ideas. Many large le£ 
the use of regular test equipment, ex- 
^Umatio n of signal tracing, television to the 
dope. With this Information 
you will save enough time on a single radio job 
$2.50 price for the complete 
course of the money -making- lessons. Many ac- 
reduced-price radio 
lagmSthods bruBh ‘ up aud «tudy of new servtc- 

NEW EDITION REPRINTED 1943 

Reprinted in 1943 with information on siroal- 
l# 1 * ®Th ion. viRUal alignment, P.A., photo- 
cells, etc. All about AVC. how to use an om. 
cllloscupe, what is feedback, resonance action, 
^de^ry other fact you must ^ ^ 

know to be more expert in your >#lsA 

work. Order the course ou a V JjU 

trial basis. Net price, only L.' m — 


HOW TO ORDER BOOKS 

Nark In the coupon tho manuals you want 
Theu take the coupon to your radio Jobber, or 
send the coupon to the publisher and rvcelve'ihe 
manuals selected, by prepaid parcel poet. 


I Sup reme Publications 

I'l'ULISHFR - i (ll H ADU HOOKS. .MAM ,U>, AND DlAt.lMM., 

South lelfcrso n S treet _ Chicago, Illinois 


_SEBJfOET | l JOBBER OR SEND COUPON . 
SUPREME PUBLICATIONS ~ “ J 

328 S. Jeffs non St., Chicago, III. 

I want the manuals listed below, I must be satisfied or you will I 
refund my money. 


Q I am enclosing $ lend pospteid, Q Send C.O.D. 

NAME: 

ADDRESS: 

(You ktw a iatisr Ituliiti of coupon.; 







SUPREME PUBLICATIONS, 328 SOUTH JEFFERSON STREET, CHICAGO, ILLINOIS 

t i i < ) . 
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